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Anticholinergic drugs and risk of dementia: case-control study
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Phyo K Myint,4 Carlota M Grossi,1 Katharina Mattishent,2 Kathleen Bennett,5 Noll L Campbell,6 
Malaz Boustani,7 Louise Robinson,8 Carol Brayne,9 Fiona E Matthews,10 George M Savva1
ABSTRACT
OBJECTIVES
To estimate the association between the duration and 
level of exposure to different classes of anticholinergic 
drugs and subsequent incident dementia.
DESIGN
Case-control study.
SETTING
General practices in the UK contributing to the Clinical 
Practice Research Datalink.
PARTICIPANTS
40 770 patients aged 65-99 with a diagnosis of 
dementia between April 2006 and July 2015, and 
283 933 controls without dementia.
INTERVENTIONS
Daily defined doses of anticholinergic drugs coded 
using the Anticholinergic Cognitive Burden (ACB) 
scale, in total and grouped by subclass, prescribed 
4-20 years before a diagnosis of dementia.
MAIN OUTCOME MEASURES
Odds ratios for incident dementia, adjusted for a 
range of demographic and health related covariates.
RESULTS
14 453 (35%) cases and 86 403 (30%) controls were 
prescribed at least one anticholinergic drug with an 
ACB score of 3 (definite anticholinergic activity) during 
the exposure period. The adjusted odds ratio for any 
anticholinergic drug with an ACB score of 3 was 1.11 
(95% confidence interval 1.08 to 1.14). Dementia was 
associated with an increasing average ACB score. When 
considered by drug class, gastrointestinal drugs with an 
ACB score of 3 were not distinctively linked to dementia. 
The risk of dementia increased with greater exposure 
for antidepressant, urological, and antiparkinson drugs 
with an ACB score of 3. This result was also observed for 
exposure 15-20 years before a diagnosis.
CONCLUSIONS
A robust association between some classes of 
anticholinergic drugs and future dementia incidence 
was observed. This could be caused by a class 
specific effect, or by drugs being used for very early 
symptoms of dementia. Future research should 
examine anticholinergic drug classes as opposed to 
anticholinergic effects intrinsically or summing scales 
for anticholinergic exposure.
TRIAL REGISTRATION
Registered to the European Union electronic Register 
of Post-Authorisation Studies EUPAS8705.
Introduction
Dementia is a leading cause of disability and 
death,1 and its prevention is a global public health 
priority. Dementia is caused by a number of different 
neurodegenerative processes that contribute to 
irreversible cognitive decline and associated symptoms, 
such as the progressive loss of independence and daily 
functioning. Mixed dementias are more prevalent than 
is often recognised, with symptoms often more closely 
linked to overall pathological burden as opposed to 
any specific disease process.2 3 No disease modifying 
treatments for dementia exist, however, age specific 
dementia incidence across populations is declining, 
suggesting that changing lifestyles or environment 
may lead to a meaningful change in the prevalence 
of dementia.4 Hence identifying and reducing the 
exposure to risk factors that can affect any aspect of 
long term brain health is important for dementia 
prevention and cognitive health in the population.5
Middle aged and older populations are increasingly 
taking multiple drugs,6 7 but the potential adverse 
events of long term use are not well understood. 
Anticholinergic drugs block the neurotransmitter 
acetylcholine in the central or peripheral nervous 
system, and have diverse actions depending on the site. 
Anticholinergic drugs are indicated for depression, 
gastrointestinal disorders, Parkinson’s disease, urinary 
incontinence, epilepsy, and to manage allergies. It is 
well known that anticholinergics affect cognition,8 
and guidelines suggest they are to be avoided among 
frail older people.9 Use of anticholinergic drugs among 
people with dementia is recognised as inappropriate 
by both the Beers and the Screening Tool of Older 
Persons’ potentially inappropriate Prescriptions 
(STOPP) criteria.10 11 Over the past decade, prolonged 
exposure to anticholinergic drugs has been linked to 
long term cognitive decline or dementia incidence 
among community living cohorts and nursing home 
residents.12-17 However, these studies have been 
limited in their ability to determine if the increased 
risk is specific to the anticholinergic action itself, and 
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WhAT IS AlReAdy knoWn on ThIS TopIC
Use of drugs with anticholinergic activity is associated with impaired cognition 
in the short term
It is not known if the reported associations between the use of anticholinergic 
drugs and future cognitive decline and dementia incidence can be attributed to 
anticholinergic activity
WhAT ThIS STudy AddS
Antidepressant, urological, and antiparkinson drugs with definite anticholinergic 
activity are linked to future dementia incidence, with associations persisting up 
to 20 years after exposure
Gastrointestinal and cardiovascular anticholinergic drugs are not positively 
associated with later dementia incidence
There is no evidence for a cumulative harm of drugs considered possibly 
anticholinergic
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whether or not the association is owing to the drugs 
or the underlying conditions for which they were 
prescribed. In particular, late life depression is thought 
to be an early symptom of dementia,18 19 whereas 
studies of whether midlife depression is a risk factor 
for later life dementia have had mixed findings.20 21
We present a nested case-control study using the UK’s 
Clinical Practice Research Datalink (CPRD), in which 
we select patients with a new diagnosis of dementia, 
and compare their prescriptions of anticholinergic 
drugs 4-20 years before a diagnosis of dementia with 
that of a matched group of control patients without 
dementia. We had three objectives. Firstly, to estimate 
the association between chronic anticholinergic drug 
use and future dementia incidence while controlling 
for potential confounders. Secondly, to explore 
whether any observed effect was specific to a particular 
drug class. Thirdly, to test how the association varied 
with the time to dementia incidence and amount of 
exposure within each class.
Methods
Study design
We performed a nested case-control study using 
data from the Clinical Practice Research Datalink 
(CPRD), which includes anonymised diagnosis, 
referral, and prescribing records for more than 11.3 
million patients from 674 primary care practices in 
the UK. CPRD data are broadly representative of the 
UK population in terms of sex, age, and ethnicity.22 
All coded information in the primary care record for 
each selected patient is available to researchers. This 
includes demographic detail, lifestyle information, 
any diagnoses and symptoms recorded by the general 
practitioner, referrals to other healthcare services 
and subsequent findings, and treatments initiated 
or continued in primary care. In the UK, a patient’s 
registered primary care practice is the coordinator of 
most of their healthcare, and acts as the main gateway 
for access to secondary care. Hence most of a patient’s 
healthcare information is held in their primary care 
record. Secondary care episodes or privately obtained 
healthcare may not always be communicated to the 
patient’s registered primary care practice. An up to 
standard (UTS) date is assigned to a CPRD practice 
when the data recorded by the practice are of an 
acceptable research standard. Records of therapies 
and diagnoses made before the UTS date are available, 
but may be incomplete. 
Selection of cases and controls
Patients aged 65-99 with a recorded diagnosis of 
dementia made between April 2006 and July 2015 
were eligible to be selected as cases. We also required 
at least six years of UTS data before a diagnosis 
to allow for a four year delay before a diagnosis of 
dementia, at least a one year drug exposure period 
(DEP), and to ascertain covariates, we required data 
for one year before the DEP. A diagnosis of dementia 
was defined as the presence in the patient’s record of 
any Read codes for dementia as a diagnosis, symptom, 
or referral, or prescription for a cognitive enhancer 
(memantine, donepezil, rivastigmine, galantamine, 
or tacrine) if a code for a diagnosis of dementia was 
recorded within 12 months. Dementia codes were 
derived by comparing a previous published list with 
the Department of Health’s Quality and Outcomes 
Framework list of business codes for dementia.23 24 
These two code lists overlapped almost completely. 
The combined list was reviewed by our clinical team, 
and all codes were included in our final definition—
except those that related explicitly to alcohol related 
dementia (see supplementary materials, appendix 1 
for a full list). Cases were excluded if they had been 
diagnosed with motor neurone disease, HIV or AIDS, 
multiple sclerosis, Down’s syndrome, or alcohol abuse 
before diagnosis of dementia.
Using the diagnosis of dementia date as the index 
date, each case was matched to a maximum of seven 
controls not having been diagnosed with dementia 
before the index date. Cases and controls were 
matched on sex, year of birth (within three years), 
years of UTS data history, and area level deprivation 
measured by the index of multiple deprivation quintile 
of each practice based on its postcode.25 We used 
incidence density sampling to select controls, hence 
cases were eligible to be selected as controls for other 
cases with earlier index dates.26 Seven controls were 
used to maximise the power to detect associations 
with potentially rare exposures or covariates, and to 
adhere to the limits of the data provider regarding the 
maximum sample size for a single study.
Patients were excluded if their date of diagnosis 
of dementia was ambiguous. That is, if dementia 
annual review, history of dementia, assessment of 
psychotic and behavioural symptoms of dementia, or 
antipsychotic drug therapy for dementia was recorded 
before the index date.
Anticholinergic drugs exposure
A DEP was defined for each case-control group, 
starting at least one year after the UTS date and ending 
four years before the index date. The start and end 
dates of the DEP were identical within sets of cases 
and controls. We excluded exposures in the four 
years before the index date to avoid protopathic bias, 
whereby the drug is given for a sign or symptom of 
dementia before a diagnosis of dementia.27
Estimating the anticholinergic effect of individual 
drugs on the human brain is difficult. Serum 
anticholinergic activity measured by a receptor 
bioassay does not correlate well with effects on 
cognition,16 28 and so the anticholinergic effects of 
drugs are usually classified using scales developed by 
expert consensus aided by a literature review.29 In this 
study, all drugs prescribed to each patient during the 
DEP were classified according to the 2012 update of the 
Anticholinergic Cognitive Burden (ACB) scale.30 Drugs 
with serum anticholinergic activity or in vitro affinity 
to muscarinic receptors, but with no known clinically 
relevant negative cognitive effects are assigned a score 
of 1 (possibly anticholinergic). Drugs with established 
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and clinically relevant anticholinergic effects are 
assigned a score of 2 based on blood-brain penetration 
(definitely anticholinergic). Drugs with a score of 2 
that also have reported associations with delirium are 
assigned a score of 3 (definitely anticholinergic). All 
other drugs are assigned a score of 0. For the drugs 
available in the UK in the last 30 years without an ACB 
score, we made the following assumptions: thiazide 
diuretics, loop diuretics, and antihistamines have an 
ACB score of 1; tricyclic antidepressants have an ACB 
score of 3; and creams, eye drops, and ear drops have 
an ACB score of 0.
Our primary exposures were the number of defined 
daily doses (DDDs) prescribed for drugs within a 
drug class for each ACB score during the DEP. The 
DDD is defined as the assumed average maintenance 
daily dose for a drug based on its main indication in 
adults, using the DDD values assigned by the World 
Health Organisation’s (WHO) Collaborating Centre 
for Drug Statistics Methodology. For prescriptions of 
different drugs with the same ACB score, DDDs were 
summed. We then categorised exposure during the 
DEP as 0, 1-13, 14-89, 90-364, 365-1459, or more 
than 1460 DDDs.
We further categorised the drugs with anticholinergic 
properties as either analgesic (WHO Anatomical 
Therapeutic Chemical code N02), antidepressant 
(N06A), antipsychotic (N05A), cardiovascular (C), 
gastrointestinal (A), antiparkinson (N04), respiratory 
(R), urological (G04), or other. These categories 
separate the main indications for anticholinergic 
drugs and correlate closely with their pharmacological 
action. Drugs in these classes have similar receptor 
bindings.
Finally, an average ACB score was calculated as the 
average across the DEP of the sum of the ACB score 
for each drug being used at any given time. This was 
then categorised into groups reflecting approximate 
quintiles of the sample, but with two additional groups 
representing those with particularly high (3-5 and 5 or 
more) average ACB scores.
Covariates
We considered potential confounders to be any 
variable suspected to be linked to dementia incidence 
or an indication for any of the drugs examined. A full 
list of covariates and their definitions are available (see 
supplementary materials, appendix 2). In summary, 
we included diagnoses of cardiovascular disease, other 
dementia risk factors and correlates, other indications 
for anticholinergics, other drug use, sociodemographic 
variables, and records of health related lifestyle 
information where available.
Exposures could occur at any time during an 
individual’s DEP and so, as with many case-control 
studies,31 it is not clear at what point we should 
determine the presence or absence of confounding 
factors. Our primary analysis measured confounders 
recorded up to the end of the DEP to best capture the 
indications of the drugs. We also coded the status 
of each patient with respect to each covariate up 
to the start of the DEP, as some variables could be 
consequences of drug exposure.
Statistical analysis
Patterns of exposures and covariates were described 
for case and control groups separately.
Primary analysis compared the number of DDDs 
of drugs with an ACB score of 1, 2, or 3 prescribed to 
cases and controls during the DEP, controlling for 
covariates recorded at the end of each DEP. We used 
multiple conditional logistic regression to estimate 
the independent association between classes of 
anticholinergic prescriptions and a diagnosis of 
dementia, adjusting for all other anticholinergic 
classes and covariates described previously. Adjusted 
odds ratios are reported with 95% confidence intervals, 
however, P<0.01 was prespecified as a threshold for 
statistical significance owing to the large number of 
subgroups being examined. All analysis was conducted 
with Stata version 14 (StataCorp, College Station, TX).
Secondary prespecified analyses included: 
disaggregation of exposure by drug class; testing the 
effect of exposure 4-10, 10-15, and 15-20 years before 
the index date in those with 6 or more, 11 or more, and 
16 or more years of UTS data history respectively; and 
testing the effect of the average ACB score over the DEP.
Sensitivity analyses included repeating our primary 
analysis three times. Firstly, to adjust for covariates 
measured up to the start rather than the end of the 
DEP, and the following post hoc analyses. Secondly, 
to emulate a new user design by excluding patients 
prescribed medications with an ACB score of 2 or 3 
in the 12 months before the DEP.32 Thirdly, to recode 
binary exposure variables to correspond to 90 or more 
DDDs prescribed instead of any prescription during 
the DEP, to represent longer term rather than one-off 
exposure.
To test the likely impact of missing lifestyle covariate 
data, we compared findings with and without 
adjustment for these lifestyle variables in complete 
data and in the full dataset using a missing category 
for each variable. As with other analyses of routine 
data, diagnosed health conditions or other drugs are 
assumed absent if there is no mention in the primary 
care record. Deprivation is based on practice location 
and so is known for all patients.
For a final prespecified sensitivity analysis, we 
recoded drugs by using the Anticholinergic Drug 
Scale (ADS) instead of the ACB scale. ADS classifies 
the degree of anticholinergic activity of each drugs 
on a scale from 0 (no anticholinergic effect) to 3 
(marked anticholinergic effect) in accordance with 
a literature review and expert consensus.33 Sample 
size was determined by the maximum available data 
within CPRD.
Patient involvement
Four Alzheimer’s Society Research Network Volunteers 
acted as study monitors and service user representatives 
on our study steering committee. These individuals 
have all acted as carers of people with dementia. The 
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monitors contributed to our protocol development by 
sharing their experiences of psychoactive drug use and 
their view of the balance between the benefits of drug 
use and potential cognitive decline. Monitors met the 
study team to discuss study progress every six months. 
They are assisting us with the dissemination of our 
study, making sure that lay summaries of results are 
accessible and easily understood.
Results
The source population consisted of 66 136 patients 
with a diagnosis of dementia between April 2006 and 
July 2015. After applying the exclusion criteria, our 
analysis included 40 770 cases and 283 933 controls, 
with the majority of cases being matched to seven 
controls (see supplementary materials, figure 1). Most 
patients (n=254 083, 78%) were from general practices 
in England, with 30 817 (9%) from Scotland, 29 575 
(9%) from Wales, and 10 228 (3%) from Northern 
Ireland. The median age of patients at index date was 
83 (interquartile range 78-87) and 63% were female. 
The median drug exposure period (DEP) was 7.1 years 
(interquartile range 4.0-11.3, range 1-16). Table 1 
shows that diagnoses of conditions related to dementia 
and indications for anticholinergics increased during 
the DEP. As an example, the proportion of dementia 
cases diagnosed with depression at the start of the DEP 
was 12% (n=5071), rising to 20% (n=8030) during the 
DEP. Information on smoking status, harmful alcohol 
use, and body mass index becomes more complete by 
the end of the DEP. As expected, the average body mass 
index decreases during the DEP for dementia cases, 
but increases for the control group.
Frequency of anticholinergic drugs use
During the DEP, 14 453 (35%) cases and 86 403 (30%) 
controls were prescribed at least one anticholinergic 
drug with an Anticholinergic Cognitive Burden (ACB) 
score of 3. A total of 1 793 505 prescriptions for 
drugs with an ACB score of 3 were written during the 
DEP. The five most common drugs were amitriptyline 
(29%), dosulepin (also known as dothiepin; 16%), 
paroxetine (8%), oxybutynin (7%), and tolterodine 
(7%). Only 1429 (3.5%) cases and 7909 (2.8%) 
controls were prescribed drugs with an ACB score of 
2, with carbamazepine accounting for 87% of these 
prescriptions. Most patients (89% of cases and 87% 
of controls) received at least one prescription for a 
drug with an ACB score of 1 during the DEP, with 
cardiovascular drugs accounting for 63% of these 
prescriptions. The number of prescriptions for each 
ACB score is further described in supplementary 
materials, table 1.
Primary analysis
Table 2 shows that there was a positive and significant 
association between the prescription of any drug 
with an ACB score of 1, 2, or 3 and dementia with 
corresponding odds ratios of 1.10 (95% confidence 
interval 1.06 to 1.15), 1.10 (1.03 to 1.16), and 
1.11 (1.08 to 1.14). These values were adjusted for 
covariates measured at the end of the DEP. A dose-
response effect was evident for prescribed doses of 
drugs with an ACB score of 2 or 3. However, there was 
no dose-response effect for drugs with an ACB score of 
1. Table 2 shows that an odds ratio of approximately 
1.1 was seen for those prescribed drugs with an ACB 
score of 1, regardless of the number prescribed, 
including those with less than 14 DDD exposure. The 
associations are attenuated from the crude rates when 
adjusting for drug use at the start of the DEP, and 
are further reduced only slightly when adjusting for 
covariates at the end of the DEP.
There was a dose-response effect linking average 
anticholinergic load, measured by the average ACB 
score over the DEP, with dementia incidence, although 
this is only evident for those with an average score of 3 
or more (table 2).
Exposure by drug class
Table 3 shows that, when analysed by class, there was 
a significant association between dementia incidence 
and any prescription of antidepressant, antiparkinson, 
or urological drugs with an ACB score of 3, but no 
association with antispasmodic, antipsychotic, 
antihistamine, or other drugs with an ACB score of 3. 
Prescriptions for drugs with an ACB score of 2 were 
relatively rare, and so results are imprecise in this 
group, but there is some evidence for an association 
between dementia incidence and prescription of 
antiparkinson drugs. We found positive associations 
for antidepressant drugs with an ACB score of 1 with 
an increased risk of dementia, but not with any other 
drugs with an ACB score of 1. Supplementary materials 
table 2 shows the associations between dementia 
incidence and the number of DDDs by drug class. 
These associations are consistent with the findings in 
table 3, except that a tentative effect of antihistamines 
with an ACB score of 3 is seen for patients with more 
than 365 DDDs prescribed during the DEP. Use of 
gastrointestinal drugs with an ACB score of 1 or 3, 
and cardiovascular drugs with an ACB score of 1 
was associated with a minor reduction in the risk of 
dementia.
Exposure by time before a diagnosis of dementia
Table 4 shows the effect of exposure in three different 
periods (4-10, 10-15, and 15-20 years) before the 
index date. Associations with prescriptions for drugs 
with an ACB score of 3 were consistent across the 
DEP. Associations with prescriptions for drugs with 
an ACB score of 1 and 2 were more apparent closer 
to the index date. In particular, the prescription of 
any drug with an ACB score of 3 15-20 years before 
a diagnosis of dementia was significantly associated 
with greater dementia incidence with an odds ratio of 
1.17 (95% confidence interval 1.10 to 1.24) adjusted 
for covariates at the start of the DEP. Prescriptions 
at 15-20 years before a diagnosis of dementia for 
antidepressant and urological drugs with an ACB score 
of 3 remained consistently significantly associated with 
dementia incidence with odds ratios of 1.19 (1.10 to 
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Table 1 | Characteristics of 40 770 case patients with a diagnosis of dementia and 283 933 controls from the Clinical 
Practice Research Datalink at the start and end of the drug exposure period (DEP). Values are numbers (percentages) 
unless stated otherwise
Characteristic
Start End
Cases Controls Cases Controls 
Lifestyle
Current smoker* 5058 (12.4) 34 652 (12.2) 4516 (11.1) 30 976 (10.9)
Harmful alcohol use† 166 (0.4) 980 (0.3) 377 (0.9) 2316 (0.8)
Mean (SD) body mass index‡ 26.4 (6.3) 26.5 (6.9) 26.1 (5.2) 26.8 (5.6)
Cardiovascular or cerebrovascular and related diagnoses
Diabetes 2734 (6.7) 16 362 (5.8) 5392 (13.2) 34 015 (12.0)
Diabetes complications 418 (1.0) 2206 (0.8) 1378 (3.4) 7678 (2.7)
Hyperlipidemia 2740 (6.7) 16 369 (5.8) 6481 (15.9) 40 796 (14.4)
Hypertension 13 328 (32.7) 91 737 (32.3) 22 104 (54.2) 155 262 (54.7)
Stroke or transient ischaemic attack 1969 (4.8) 11 734 (4.1) 4747 (11.6) 25 856 (9.1)
Congestive heart disease 5279 (12.9) 33947 (12) 8388 (20.6) 54 615 (19.2)
Heart failure 819 (2.0) 5921 (2.1) 2140 (5.2) 15 961 (5.6)
Peripheral arterial disease 897 (2.2) 5953 (2.1) 2110 (5.2) 13 818 (4.9)
Atrial fibrillation 1303 (3.2) 8856 (3.1) 3744 (9.2) 24 591 (8.7)
Angina 3704 (9.1) 23 213 (8.2) 6006 (14.7) 38 602 (13.6)
Myocardial infarction 1820 (4.5) 12 051 (4.2) 2908 (7.1) 19 602 (6.9)
Coronary artery operations 831 (2.0) 5261 (1.9) 1711 (4.2) 11 002 (3.9)
Deep vein thrombosis 552 (1.4) 4172 (1.5) 1110 (2.7) 8101 (2.9)
Mental health diagnoses
Depression 5071 (12.4) 29 676 (10.5) 8030 (19.7) 44 264 (15.6)
Severe depression 400 (1.0) 2175 (0.8) 804 (2.0) 4056 (1.4)
Depression symptoms 1393 (3.4) 7880 (2.8) 4577 (11.2) 24 220 (8.5)
Mean (SD) depression duration (years)§ 13.8 (12.8) 14.2 (12.8) 14.3 (13.0) 15.2 (13.2)
Severe mental illness 294 (0.7) 1558 (0.5) 431 (1.1) 2078 (0.7)
Anxiety 3641 (8.9) 22 229 (7.8) 6190 (15.2) 35 598 (12.5)
Anxiety symptoms 1172 (2.9) 6457 (2.3) 3763 (9.2) 20 366 (7.2)
Other diagnoses
Parkinson’s disease 237 (0.6) 958 (0.3) 1448 (3.6) 4283 (1.5)
Epilepsy 542 (1.3) 2799 (1.0) 771 (1.9) 3860 (1.4)
Insomnia 2940 (7.2) 18 407 (6.5) 7351 (18.0) 45 227 (15.9)
Fatigue 2666 (6.5) 15 825 (5.6) 8561 (21.0) 50 351 (17.7)
Other sleep problems 583 (1.4) 3501 (1.2) 2772 (6.8) 15 878 (5.6)
Hemiplegia and paraplegia 131 (0.3) 816 (0.3) 235 (0.6) 1406 (0.5)
Drug abuse 297 (0.7) 1694 (0.6) 414 (1.0) 2357 (0.8)
Migraine 1320 (3.2) 8625 (3.0) 1839 (4.5) 11 999 (4.2)
Headache 2540 (6.2) 15 653 (5.5) 6102 (15) 37 602 (13.2)
Back or neck pain 12 225 (30.0) 79 108 (27.9) 21 123 (51.8) 138 554 (48.8)
Neuropathy 750 (1.8) 4766 (1.7) 2030 (5.0) 13 098 (4.6)
Meniere’s disease 340 (0.8) 2353 (0.8) 471 (1.2) 3397 (1.2)
Restless leg syndrome 169 (0.4) 1088 (0.4) 610 (1.5) 3955 (1.4)
Chronic obstructive pulmonary disease 899 (2.2) 6327 (2.2) 2534 (6.2) 18 012 (6.3)
Asthma 3134 (7.7) 20 991 (7.4) 4375 (10.7) 29 822 (10.5)
Rhinitis 2556 (6.3) 16 617 (5.9) 5155 (12.6) 32 956 (11.6)
Gastroesophageal reflux disease or oesophagitis 2876 (7.1) 18 277 (6.4) 6141 (15.1) 39 437 (13.9)
Peptic or gastric ulcer 1122 (2.8) 6779 (2.4) 2530 (6.2) 15 724 (5.5)
Irritable bowel syndrome 210 (0.5) 1316 (0.5) 2328 (5.7) 15 277 (5.4)
Inflammatory bowel disease 1087 (2.7) 6692 (2.4) 2451 (6.0) 15 523 (5.5)
Intestinal surgery, colostomy, or ileostomy 1438 (3.5) 9515 (3.4) 3137 (7.7) 20 215 (7.1)
Liver disease 93 (0.2) 650 (0.2) 207 (0.6) 1312 (0.5)
Osteoarthritis 7925 (19.4) 50 644 (17.8) 14 627 (35.9) 94 681 (33.3)
Rheumatoid arthritis 486 (1.2) 3700 (1.3) 806 (2.0) 5799 (2.0)
Dermatitis 6986 (17.1) 45 613 (16.1) 13 364 (32.8) 88 331 (31.1)
Eczema 4015 (9.8) 26 696 (9.4) 8952 (22.0) 59 677 (21.0)
Psoriasis 1059 (2.6) 6856 (2.4) 1696 (4.2) 11 200 (3.9)
Urinary incontinence 1222 (3.0) 7186 (2.5) 3225 (7.9) 18 027 (6.3)
Renal disease or chronic kidney disease 457 (1.1) 3138 (1.1) 5817 (14.3) 37 981 (13.4)
Prostatism 1496 (3.7) 9176 (3.2) 3490 (8.6) 21 464 (7.6)
Cancer 3133 (7.7) 21 956 (7.7) 6307 (15.5) 44 567 (15.7)
History in 12 months before DEP
Any falls 808 (2.0) 4391 (1.6) 808 (2.0) 4391 (1.6)
Any fractures 596 (1.5) 3693 (1.3) 596 (1.5) 3693 (1.3)
Mean (SD) doctor consultations 5.4 (6.3) 4.8 (5.9) 5.4 (6.3) 4.8 (5.9)
*Data missing for 9664 cases and 70 877 controls at the start of the DEP, and 1465 cases and 13 596 controls at the end of the DEP.
†Data missing for 22 940 cases and 159 721 controls at the start of the DEP, and 12 702 cases and 90 129 controls at the end of the DEP.
‡Data missing for 13 086 cases and 94 734 controls at the start of the DEP, and 4736 cases and 37 526 controls at the end of the DEP.
§Since first symptom or diagnosis of depression. 
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1.29) and 1.27 (1.09 to 1.48) respectively. However, for 
antidepressants with an ACB score of 1, the association 
with dementia increased for prescriptions given in 
periods closer to a diagnosis of dementia. Similarly, the 
negative association between gastrointestinal drugs 
and dementia was not seen for exposures 15-20 years 
before the index date.
Supplementary materials, appendix 4 details a 
further analysis of the associations between depression, 
antidepressants, and dementia incidence. Diagnosis 
of depression has no independent association with 
dementia incidence after adjusting for antidepressants 
and other covariates in the model. However, 
antidepressants were consistently associated with 
dementia; this affect was not attenuated by controlling 
for depression, and there was no interaction between 
depression severity and antidepressant drug use with 
respect to dementia incidence.
Sensitivity analyses
Excluding patients with a prescription for a drug 
with an ACB score of 2 or 3 in the 12 months before 
the DEP, hence restricting to new users, resulted in 
5215 cases and 62 161 controls being excluded. This 
led to small reductions in the association between 
dementia incidence and any drug with an ACB score 
of 3 (odds ratio 1.07, 95% confidence interval 1.04 
to 1.10) and any drug with an ACB score of 2 (1.12, 
1.04 to 1.21) adjusted for covariates measured at 
the end of the DEP (see supplementary materials, 
table 3). No substantial changes were seen in 
the association between dementia incidence and 
specific classes of drugs used when restricted to new 
users. In particular, antidepressants and urologicals 
with an ACB score of 3 and antidepressants with an 
ACB score of 1 remained noticeably associated with 
dementia.
Table 2 | Crude and adjusted odds ratios of dementia by prescription of any, defined daily doses (DDDs), and total burden of anticholinergics 
measured with the Anticholinergic Cognitive Burden (ACB) score
Exposure during DEP No of cases (%) No of controls (%)
Odds ratio (95% CI)
Unadjusted Adjusted at start of DEP*† Adjusted at end of DEP*‡
Any use
Prescriptions (ACB score):
 None 4295 (10.5) 36 329 (12.8) 1.00 1.00 1.00
 1 36 437 (89.4) 247 406 (87.1) 1.25§ (1.21 to 1.29) 1.11§ (1.07 to 1.15) 1.10§ (1.06 to 1.15)
 2 1429 (3.5) 7909 (2.8) 1.27§ (1.20 to 1.35) 1.10§ (1.03 to 1.17) 1.10§ (1.03 to 1.16)
 3 14 453 (35.5) 86 403 (30.4) 1.27§ (1.24 to 1.30) 1.16§ (1.13 to 1.19) 1.11§ (1.08 to 1.14)
Number of DDDs (ACB score)
1:
 0 4333 (10.6) 36 527 (12.9) 1.00 1.00 1.00
 >0-13 3000 (7.4) 20 530 (7.2) 1.24§ (1.18 to 1.30) 1.16§ (1.11 to 1.22) 1.14§ (1.08 to 1.20)
 14-89 2530 (6.2) 17 088 (6.0) 1.25§ (1.19 to 1.32) 1.15§ (1.09 to 1.21) 1.13§ (1.07 to 1.19)
 90-364 4253 (10.4) 28 497 (10.0) 1.26§ (1.21 to 1.32) 1.12§ (1.07 to 1.18) 1.09§ (1.04 to 1.15)
 365-1459 8549 (21.0) 56 607 (19.9) 1.28§ (1.23 to 1.33) 1.12§ (1.07 to 1.17) 1.10§ (1.05 to 1.15)
 >1460 18 105 (44.4) 124 684 (43.9) 1.23§ (1.19 to 1.28) 1.05 (1.01 to 1.10) 1.05 (1.01 to 1.10)
2:
 0 39 341 (96.5) 276 024 (97.2) 1.00 1.00 1.00
 >0-13 704 (1.7) 4301 (1.5) 1.15§ (1.06 to 1.25) 1.01 (0.93 to 1.10) 1.02 (0.94 to 1.11)
 14-89 266 (0.7) 1533 (0.5) 1.22§ (1.07 to 1.39) 1.08 (0.94 to 1.23) 1.07 (0.94 to 1.23)
 90-364 218 (0.5) 1035 (0.4) 1.48§ (1.28 to 1.72) 1.23§ (1.06 to 1.43) 1.20 (1.03 to 1.40)
 365-1459 176 (0.4) 826 (0.3) 1.50§ (1.27 to 1.76) 1.23 (1.04 to 1.45) 1.18 (0.99 to 1.39)
 >1460 65 (0.2) 214 (0.1) 2.15§ (1.63 to 2.83) 1.62§ (1.22 to 2.15) 1.57§ (1.18 to 2.09)
3:
 0 26 317 (64.5) 197 530 (69.6) 1.00 1.00 1.00
 >0-13 5663 (13.9) 38 084 (13.4) 1.13§ (1.10 to 1.17) 1.07§ (1.04 to 1.11) 1.04 (1.01 to 1.08)
 14-89 2440 (6.0) 15 154 (5.3) 1.23§ (1.17 to 1.28) 1.13§ (1.08 to 1.18) 1.07§ (1.02 to 1.12)
 90-364 2786 (6.8) 15 462 (5.4) 1.37§ (1.31 to 1.43) 1.24§ (1.19 to 1.30) 1.17§ (1.12 to 1.22)
 365-1459 2512 (6.2) 12 626 (4.4) 1.51§ (1.45 to 1.58) 1.35§ (1.29 to 1.42) 1.27§ (1.21 to 1.33)
 >1460 1052 (2.6) 5077 (1.8) 1.59§ (1.49 to 1.71) 1.40§ (1.30 to 1.50) 1.31§ (1.22 to 1.41)
Average ACB score
<0.1 9517 (23.3) 74 445 (26.2) 1.00 1.00 1.00
0.1-0.4 6084 (14.9) 41 528 (14.6) 1.15§ (1.11 to 1.19) 1.09§ (1.05 to 1.13) 1.07§ (1.03 to 1.11)
0.5-0.9 5781 (14.2) 40 413 (14.2) 1.12§ (1.08 to 1.16) 1.06§ (1.02 to 1.10) 1.06§ (1.02 to 1.10)
1.0-1.9 9030 (22.2) 62 348 (22.0) 1.14§ (1.10 to 1.17) 1.06§ (1.03 to 1.10) 1.07§ (1.01 to 1.09)
2.0-2.9 4914 (12.1) 33 113 (11.7) 1.17§ (1.13 to 1.21) 1.07§ (1.03 to 1.12) 1.07§ (1.02 to 1.12)
3.0-4.9 3874 (9.5) 23 954 (8.4) 1.28§ (1.23 to 1.33) 1.13§ (1.08 to 1.19) 1.12§ (1.07 to 1.18)
>5.0 1570 (3.9) 8132 (2.9) 1.53§ (1.44 to 1.62) 1.31§ (1.23 to 1.40) 1.28§ (1.19 to 1.36)
DEP=drug exposure period
*Adjusted for age, region, any falls, any fractures, and number of doctor consultations in the 12 months before the DEP. Also adjusted for the number of prescriptions during the DEP for the 
following drugs not rated as anticholinergic: benzodiazepines, z drugs, antidepressants, antinausea and antivertigo preparations, antiepileptics, and antiparkinson drugs.
†Adjusted for the following variables measured at the start of the DEP: body mass index, smoking status, harmful alcohol use, depression duration (0, 0-2, 2-5, 5-10, 10-20, and >20 years), and 
all diagnoses listed in table 1.
‡Adjusted for the following variables measured at the end of the DEP: body mass index, smoking status, harmful alcohol use, depression duration (0, 0-5, 5-10, 10-15, 15-20, and >20 years), 
and all diagnoses listed in table 1.
§P<0.01.
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Findings remained similar when also analysed by 
more than 90 DDDs of exposure versus less, rather 
than any prescription versus none (results not shown).
Although there were differences in the number of 
drugs with an ACB score of 1 and 2 and drugs with 
an Anticholinergic Drug Scale (ADS) score of 1 and 
2, the proportion of patients with a prescription for 
drugs with an ACB or ADS score of 3 were similar 
(see supplementary materials, table 4). There was 
good concordance between drugs with an ACB or 
ADS score of 3 (Cohen’s kappa 0.91). Prescription of 
any drugs with an ADS score of 3 had a marginally 
lower association with dementia (odds ratio 1.08, 
95% confidence interval 1.06 to 1.11) adjusted for 
covariates at the end of the DEP, than drugs with an 
ACB score of 3 (1.11, 1.08 to 1.14). However, when 
analysed by the drug class, the findings were very 
similar with the antidepressant, antiparkinson, 
and urological drugs with an ADS score of 3 and 
antidepressants with an ADS score of 1 consistently 
associated with greater dementia incidence (data 
not shown), but no association with other ADS 
classes.
Missing data
There were relatively high proportions of missing 
data for the body mass index, smoking, and alcohol 
variables. There was very little difference in any 
results when comparing estimates with and without 
adjustment for these variables among the main dataset 
and those with complete data (see supplementary 
materials, table 5), suggesting that our findings are not 
sensitive to missing data in these covariates.
discussion
In this case-control study of older adults in the UK, 
there was a noticeable association between increasing 
total anticholinergic burden over the previous 4-20 
years and incident dementia diagnosis. However, this 
dose-response effect was not seen for cumulative use 
of drugs with an Anticholinergic Cognitive Burden 
(ACB) score of 1 (possibly anticholinergic), and was 
only evident for certain classes of anticholinergic 
drugs. Antidepressants (predominantly amitriptyline, 
dosulepin, and paroxetine) and urologicals 
(predominantly oxybutynin and tolterodine) with 
an ABC score of 3 (definitely anticholinergic) were 
consistently associated with incident dementia. These 
relations were seen even for exposures 15-20 years 
before the diagnosis of dementia, suggesting that 
reverse causation or confounding with early dementia 
symptoms are less likely explanations for the effect. 
Prescription of gastrointestinal drugs with an ACB score 
of 3 was not positively associated with dementia in any 
of our analyses. Other antidepressants (predominantly 
selective serotonin reuptake inhibitors) with an ACB 
score of 1 were associated with dementia, but that 
association was greater for prescriptions close to 
Table 3 | Adjusted odds ratios of dementia by prescription of an anticholinergic drug by Anticholinergic Cognitive 
Burden (ACB) score and drug class
Drug class No of cases (%) No of controls (%)
Odds ratio (95% CI)
Adjusted at start of DEP*† Adjusted at end of DEP*‡
ACB score of 1
Analgesic 23 871 (58.6) 158 162 (55.7) 1.02 (1.00 to 1.05) 1.02 (0.99 to 1.04)
Antidepressant 5958 (14.6) 28 767 (10.1) 1.37§ (1.32 to 1.42) 1.25§ (1.20 to 1.30)
Antipsychotic 8051 (19.7) 50 079 (17.6) 1.05§ (1.02 to 1.08) 1.04 (1.01 to 1.07)
Cardiovascular 27 926 (68.5) 191 895 (67.6) 0.97 (0.94 to 0.99) 0.98 (0.95 to 1.01)
Gastrointestinal 10 845 (26.6) 71 814 (25.3) 0.97 (0.94 to 0.99) 0.96§ (0.93 to 0.99)
Respiratory 9385 (23.0) 62 787 (22.1) 0.99 (0.97 to 1.02) 0.99 (0.97 to 1.02)
Other 11 521 (28.3) 77 345 (27.2) 0.95§ (0.92 to 0.97) 0.95§ (0.92 to 0.98)
ACB score of 2
Analgesic 385 (0.9) 2337 (0.8) 1.03 (0.92 to 1.15) 1.03 (0.92 to 1.16)
Antipsychotic 22 (0.1) 69 (0.0) 1.44 (0.87 to 2.36) 1.35 (0.82 to 2.23)
Antiparkinson 57 (0.1) 141 (0.0) 1.55§ (1.12 to 2.14) 1.32 (0.96 to 1.82)
Respiratory 19 (0.0) 123 (0.0) 0.89 (0.55 to 1.45) 0.83 (0.51 to 1.36)
Other 985 (2.4) 5454 (1.9) 1.07 (1.00 to 1.15) 1.09 (1.01 to 1.17)
ACB score of 3
Antidepressant 8823 (21.6) 50 817 (17.9) 1.13§ (1.10 to 1.16) 1.11§ (1.08 to 1.14)
Antipsychotic 1036 (2.5) 5140 (1.8) 1.09 (1.02 to 1.18) 1.07 (1.00 to 1.16)
Gastrointestinal 1817 (4.5) 12 057 (4.2) 0.94 (0.89 to 0.99) 0.94 (0.89 to 0.99)
Antiparkinson 270 (0.7) 951 (0.3) 1.45§ (1.25 to 1.68) 1.29§ (1.11 to 1.50)
Respiratory 4002 (9.8) 25 195 (8.9) 1.04 (1.00 to 1.08) 1.03 (1.00 to 1.07)
Urological 3261 (8.0) 16 873 (5.9) 1.23§ (1.18 to 1.28) 1.18§ (1.13 to 1.23)
Other 284 (0.7) 1741 (0.6) 0.99 (0.87 to 1.13) 0.99 (0.87 to 1.13)
DEP=drug exposure period
*Adjusted for age, region, any falls, any fractures, and number of doctor consultations in the 12 months before the DEP. Also adjusted for the number of 
prescriptions during the DEP for the following drugs not rated as anticholinergic: benzodiazepines, z drugs, antidepressants, antinausea and antivertigo 
preparations, antiepileptics, and antiparkinson drugs.
†Adjusted for the following variables measured at the start of the DEP: body mass index, smoking status, harmful alcohol use, depression duration  
(0, 0-2, 2-5, 5-10, 10-20, and >20 years), and all diagnoses listed in table 1.
‡Adjusted for the following variables measured at the end of the DEP: body mass index, smoking status, harmful alcohol use, depression duration  
(0, 0-5, 5-10, 10-15, 15-20, and >20 years), and all diagnoses listed in table 1.
§P<0.01.
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dementia incidence, suggesting that reverse causation 
could be a possible explanation for this observed 
association. Other drugs with an ACB score of 1 were 
not associated with increased dementia incidence.
Strengths and weaknesses of the study
This is the first study to individually estimate the effect 
of classes of anticholinergic drugs with respect to 
dementia incidence. Our study used a large, population 
Table 4 | Adjusted odds ratios (OR) of dementia by prescription of anticholinergic drugs, by drug class, and by period before a diagnosis of dementia
Drug class
Exposure period (years before index date)
15-20* 10-15† 4-10‡
No of cases 
(n=10 684)
No of controls 
(n=74 145)
OR§ (95% 
CI)
No of cases 
(n=23 959)
No of controls 
(n=166 735) OR§ (95% CI)
No of cases 
(n=40 770)
No of controls 
(n=283 933) OR§ (95% CI)
Any use
Prescriptions  
(ACB score):
  None 3638 27 905 1.00 5602 44 790 1.00 4492 38 579 1.00
  1 6789 44 564 1.05 (1.00 
to 1.10)
17 867 118 973 1.06¶ (1.02 
to 1.10)
35 722 242 210 1.06¶ (1.02 
to 1.09)
  2 193 1057 1.07 (0.91 
to 1.25)
493 2556 1.14¶ (1.03 
to 1.26)
1054 5734 1.11¶ (1.03 
to 1.18)
  3 1972 11 321 1.17¶ (1.10 
to 1.24)
5242 30 303 1.15¶ (1.10 
to 1.19)
12 338 72 335 1.13¶ (1.10 
to 1.15)
Any use by drug class
Prescriptions  
(ACB score):
  None 3638 27 905 1.00 5602 44 790 1.00 4492 38 579 1.00
  1:
   Analgesic 3638 22 914 1.06 (1.01 
to 1.11)
9771 62 234 1.05¶ (1.02 
to 1.08)
21 756 143 993 0.99 (0.96 to 
1.01)
   Antidepressant 262 1429 1.08 (0.93 
to 1.24)
3813 24 345 1.18¶ (1.11 
to 1.26)
5413 25 566 1.37¶ (1.32 
to 1.42)
   Antipsychotic 932 6032 0.99 (0.92 
to 1.07)
2507 15 429 1.04 (0.99 to 
1.09)
6392 39 642 1.03 (1.00 to 
1.07)
   Cardiovascular 3672 23 851 1.02 (0.97 
to 1.08)
11 785 79 119 0.99 (0.95 to 
1.02)
27 256 187 816 0.95¶ (0.92 
to 0.97)
   Gastrointestinal 1863 12 023 0.97 (0.92 
to 1.03)
4447 28 709 0.98 (0.94 to 
1.02)
8404 55 944 0.95¶ (0.92 
to 0.98)
   Respiratory 990 6658 0.96 (0.89 
to 1.04)
2913 18 767 1.01 (0.97 to 
1.06)
7784 52 560 0.98 (0.95 to 
1.01)
   Other 1230 8230 0.94 (0.88 
to 1.02)
1396 7091 0.98 (0.94 to 
1.02)
9792 66 244 0.91¶ (0.89 
to 0.94)
  2:
   Analgesic 64 358 1.09 (0.83 
to 1.43)
102 654 0.92 (0.75 to 
1.14)
254 1518 1.05 (0.91 to 
1.20)
   Antipsychotic 8 16 NA 10 28 NA 14 48 NA
   Antiparkinson <5 12 NA 17 22 NA 47 116 1.59 (1.11 to 
2.28)
   Respiratory <5 26 NA 8 35 NA 12 75 NA
   Other 120 675 0.99 (0.80 
to 1.21)
363 1873 1.12 (1.00 to 
1.26)
745 4056 1.07 (0.99 to 
1.17)
  3:
   Antidepressant 1155 6302 1.19¶ (1.10 
to 1.29)
3237 17 828 1.16¶ (1.11 
to 1.22)
7342 41 826 1.12¶ (1.08 
to 1.15)
   Antipsychotic 189 952 1.2 (1.00 to 
1.42)
377 2024 0.98 (0.86 to 
1.10)
781 3679 1.14¶ (1.04 
to 1.23)
   Gastrointestinal 273 1568 1.11 (0.97 
to 1.28)
522 3453 0.93 (0.84 to 
1.02)
1283 8721 0.91¶ (0.85 
to 0.97)
   Antiparkinson 29 146 1.29 (0.83 
to 2.01)
104 379 1.54¶ (1.22 
to 1.96)
230 786 1.56¶ (1.33 
to 1.83)
   Respiratory 524 3247 1.07 (0.97 
to 1.18)
1228 7615 1.04 (0.97 to 
1.10)
2839 17 807 1.03 (0.99 to 
1.08)
   Urological 207 995 1.27¶ (1.09 
to 1.48)
810 4139 1.22¶ (1.13 
to 1.32)
2870 14 654 1.23¶ (1.18 
to 1.29)
   Other 43 281 0.97 (0.70 
to 1.34)
93 569 0.97 (0.78 to 
1.21)
176 1051 1.02 (0.86 to 
1.20)
ACB=Anticholinergic Cognitive Burden
*Including patients with ≥16 years of up to standard (UTS) data history before the index date.
†Including patients with ≥11 years of UTS data history before the index date.
‡Including patients with ≥6 years of UTS data history before the index date.
§Adjusted for age, region, number of prescriptions during the drug exposure period (DEP) for the following drugs not rated as anticholinergic: benzodiazepines, z drugs, antidepressants, 
antinausea and antivertigo preparations, antiepileptics, and antiparkinsons drugs. Also adjusted for the following variables measured at the start of the DEP: any falls, any fractures and number of 
doctor consultations in the 12 months before the DEP; body mass index; smoking status; harmful alcohol use; depression duration (0, 0-2, 2-5, 5-10, 10-20, and >20 years); and all diagnoses 
listed in table 1.
¶P<0.01.
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representative, primary care database that allowed a 
detailed analysis of the association between dementia 
incidence and prescriptions of different drugs classes 
up to 20 years before a diagnosis of dementia. However, 
there are several limitations to our approach.
In the UK, most diagnoses of dementia are made 
by memory services specialists. The diagnoses are 
then communicated back to primary care. Therefore, 
our cases are likely to represent genuine cases of 
dementia. Dementia codes in the Clinical Practice 
Research Datalink (CPRD) reflect diagnoses well with a 
positive predictive value of 95%.23 However, dementia 
is known to be under diagnosed, with up to 50% of 
people with dementia undiagnosed at any time.34 
Hence it is possible that some of our controls have 
undiagnosed dementia or early cognitive impairment. 
This misclassification would shrink estimated effects 
towards the null (odds ratio of 1) but would not remove 
them completely. It is possible that surveillance bias 
influences the findings in that the patients who are 
prescribed anticholinergic drugs may be more likely to 
be diagnosed with dementia owing to their increased 
contact with health services. However, this effect 
would be observed across all drug classes and so is 
unlikely to account for our findings.
It is difficult to accurately assess the anticholinergic 
activity of each drug, and anticholinergic scales differ 
with respect to how they classify drugs.29 However, 
there was good agreement between the Anticholinergic 
Drug Scale (ADS) and the ACB scale. Our findings were 
the same when using each scale. We do not know 
whether patients adhered to their prescribed drugs. 
Drugs obtained over-the-counter are not recorded in 
our data, hence we will have likely underestimated 
the use of certain antihistamines. Defined daily doses 
(DDDs) can be difficult to establish for certain drugs 
yet represent the best available method for comparing 
the levels of exposure of different drug classes. Our 
findings did not change when we instead analysed the 
number of prescriptions to quantify exposure (results 
not shown). DDDs also do not capture the relative 
anticholinergic activity across classes. Commonly 
used scales including the ACB scale typically assume 
that drugs with a score of 3 have three times the 
anticholinergic activity of those with a score of 1, 
but this is difficult to justify. Hence we stratified our 
results by drugs with an ACB score of 1, 2, or 3 in 
primary analysis to not enforce any particular relative 
anticholinergic activity, and separated by drug classes 
within those groups to avoid directly comparing DDDs 
across groups.
As in any observational study, unmeasured 
or residual confounding could underlie positive 
associations, and many causes of dementia are 
unknown. Primary care records do not hold detailed 
lifestyle or demographic information, but do include 
detailed records of diagnoses and symptoms that 
have allowed good confounding control. With 
respect to study design, our estimates generalise to 
those surviving at least four years after their initial 
anticholinergic exposure, and the nested case control 
design provides unbiased estimates of effects when 
compared with the equivalent cohort study.35
Strengths and weaknesses in relation to other 
studies
Many studies have linked anticholinergic drug use 
with concurrent or short term cognitive effects, 
but few have examined associations of long term 
anticholinergic exposure;8 the latter tend to report 
positive associations.12-15 Our findings are consistent 
with these studies, particularly a US cohort study of 
3434 participants monitored over an average of seven 
years.12 Anticholinergic antidepressants were linked 
to dementia incidence, consistent with our results, 
however, the authors did not test specific classes of the 
remaining anticholinergics. A US case-control study 
of 141 940 nursing home residents with depression 
found a greater adjusted odds ratio of 1.24 (95% 
confidence interval 1.20 to 1.28) for anticholinergic 
drugs use in the 90 days before a diagnosis of dementia 
based on administrative data.15
Our study uses a longer patient history in a larger 
sample of patients. This enables a much more granular 
disaggregation of the effects of specific drug classes in 
different periods before diagnosis, and in the depth of 
confounding control possible using complete primary 
care records, which enables exploration of alternative 
explanations for observed associations. Together these 
aspects substantially narrow the target of potential 
harm. Although set in the UK, our findings are likely 
generalisable to other developed countries.
Implications for clinicians and policymakers
The associations reported here are moderate (odds 
ratios for different exposures between 1.1 and 1.3), but 
given the high incidence of dementia they reflect an 
appreciable risk to patients. For example, the odds ratio 
for dementia associated with any use of antidepressants 
with an ACB score of 3 15-20 years before the index 
date is 1.19 (95% confidence interval 1.10 to 1.29). 
A typical patient aged 65-70 might normally expect a 
period incidence of dementia of around 10% over the 
next 15 years,36 so this odds ratio would be consistent 
with an absolute risk increase of 2% (1% to 3%) over 
that period, corresponding to a number needed to 
harm of 50 (33 to 100). Possible explanations for our 
findings are that other actions of specific groups of 
anticholinergic drugs may underlie observed effects, or 
that the drugs are markers of prodromal symptoms or 
dementia risk factors. Alternatively, the class specific 
association we have observed may reflect a difference 
in the ability of different groups of anticholinergics to 
cross the blood-brain barrier.
Mechanistic evidence for a link between 
anticholinergic drugs and dementia incidence is 
limited, but neuropathological studies in humans and 
mice do support a role of anticholinergics affecting 
neurodegenerative pathology.37 38 Most recently, 
a cross sectional analysis of Alzheimer’s Disease 
Neuroimaging Initiative (ADNI) and Indiana Memory 
and Ageing Study (IMAS) data linked anticholinergic 
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drug use to reduced glucose metabolism and increased 
brain atrophy, and to future mild cognitive impairment 
or Alzheimer’s disease incidence among cognitively 
normal participants (hazard ratio 2.47, P=0.01).39 
This study did not disaggregate subclasses of drugs. 
Evidence from anticholinergic cessation trials have not 
shown improvements in cognitive function, but these 
have been underpowered and focused on short term 
outcomes.40
Anticholinergic urological drugs, particularly 
oxybutynin, have been consistently associated with 
short term cognitive decline in randomised controlled 
trials,8 41 so a long term risk of dementia is plausible. 
Lower urinary tract symptoms themselves have been 
linked to future dementia incidence and may be a 
symptom of early neurodegeneration.42 43 To account 
for our finding, urinary incontinence would need to be 
a substantial risk factor for dementia diagnosed 15-20 
years later.
Antidepressants (mainly selective serotonin 
reuptake inhibitors) with an ACB score of 1 were 
only associated with dementia close to the time of 
prescription. Conversely the finding of a constant 
association between dementia and antidepressants 
with an ACB score of 3 across the 20 years before 
dementia incidence, is more likely to represent 
a causal link. Although we carefully adjusted for 
depression diagnosis, severity, symptoms, and 
duration (see supplementary materials, appendix 4), 
residual confounding cannot be excluded. Depression 
has consistently been shown to be linked to increased 
dementia incidence in the short to medium term (up 
to 10 years). However, studies with longer follow-up 
periods have often failed to detect an association, or 
have reported weaker associations, between midlife 
depression and dementia in later life.1 20 This suggests 
that residual confounding is unlikely to account for our 
observed association between antidepressants with an 
ACB score of 3 and dementia.
Patients with Parkinson’s disease have an elevated 
risk of dementia;44 anticholinergic antiparkinson drugs 
have previously been associated with greater cognitive 
decline.45 This study provides further evidence that 
anticholinergic drugs should be avoided when treating 
patients with Parkinson’s disease.
In each case (antidepressants, antiparkinsons, and 
urologicals with an ACB score of 3) a dose-response 
effect is seen with a smaller, but noticeable, positive 
association between dementia and recorded use of less 
than 90 DDDs (see supplementary materials, table 2). 
It is possible that in some cases these low exposures 
reflect a longer exposure that is not captured in the 
patients’ current primary care record.
Previous research linking all anticholinergics 
to dementia incidence may have dissuaded some 
patients and clinicians from the use of anticholinergic 
antihistamine, cardiovascular, or gastrointestinal 
drugs. We find a slight negative association between 
gastrointenstinal drugs with an ACB score of 1 and 
3 and dementia with an apparent dose-response 
effect, although there is no mechanistic explanation 
for this. Cardiovascular drugs with an ACB score of 1 
were also negatively associated with dementia with 
prolonged exposure (odds ratio 0.95, 95% confidence 
interval 0.91 to 0.99; supplementary materials, table 
2), suggesting their protective effect outweighs any 
possible harm associated with their anticholinergic 
properties. A small association between antihistamine 
use and dementia was observed that did not meet 
our threshold for statistical significance. Although 
very few patients (around 0.3% of the sample) are 
prescribed more than 365 DDDs of antihistamines 
in our study, those with fewer prescriptions may also 
have a substantial over-the-counter use that is not 
recorded. Patients who are prescribed more than 365 
DDDs may comprise a lower socioeconomic status 
group for whom prescribed drugs are free of charge, 
hence preferred to over-the-counter drugs. Our 
results, although in need of independent confirmation 
particularly for antihistamines, should reassure 
these patients. Nevertheless, we do not dispute the 
possible short term harms of all anticholinergic drugs 
used among vulnerable groups, including short term 
cognitive impairment, and would advocate current 
guidance of vigilant use or avoidance among frail older 
people.
Considerations for future research
Adjusting for time varying confounders is difficult 
in a matched case-control study.31 46 We measured 
covariates at the start and end of the drug exposure 
period (DEP). Since there was little difference between 
these estimates in most cases we are confident that the 
effect of time varying covariates does not considerably 
affect our findings. Secondly, to be certain that 
potential confounders preceded drug initiation and 
not vice versa, we further excluded patients who 
were prevalent users at the start of each DEP, again 
with little difference in results. We suggest that 
authors undertaking case-control studies comparing 
cumulative exposure over a long period carefully 
consider how time varying covariates and exposure 
before the period in which they are being directly 
measured might affect study findings. Future research 
into the potential harms of anticholinergics must 
consider differential effects of individual drug classes 
and their potentially different mechanisms of action. 
Carefully conducted prospective studies in specific 
cohorts of patients comparing the long term cognitive 
effects and neuropathological correlates of specific 
drug classes are needed.
Conclusion
Many people use anticholinergic drugs at some point in 
their lives, and many are prescribed to manage chronic 
conditions leading to potentially long exposures. 
There are robust associations between levels of 
anticholinergic antidepressants, antiparkinsons, and 
urologicals and the risk of a diagnosis of dementia 
up to 20 years after exposure. Other anticholinergics 
appear not to be linked to the risk of dementia, and 
risks remain uncertain for other drugs. Clinicians 
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should continue to be vigilant with respect to the use 
of anticholinergic drugs, and should consider the risk 
of long term cognitive effects, as well as short term 
effects, associated with specific drug classes when 
performing their risk-benefit analysis.
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Appendix 1 
CPRD medcodes, corresponding Read codes and Read terms used to define dementia 
medcode   Read code                                           Read term
1350 E00..12 Senile/presenile dementia  
1916 E00..11 Senile dementia  
1917 F110.00 Alzheimer's disease  
2882 E00z.00 Senile or presenile psychoses NOS 
4357 Eu02z14 [X] Senile dementia NOS  
4693 Eu02z00 [X] Unspecified dementia  
6578 Eu01.00 [X]Vascular dementia  
7323 E000.00 Uncomplicated senile dementia  
7572 F116.00 Lewy body disease  
7664 Eu00.00 [X]Dementia in Alzheimer's disease  
8195 Eu00z11 [X]Alzheimer's dementia unspec  
8634 E004.11 Multi infarct dementia  
8934 Eu01200 [X]Subcortical vascular dementia  
9509 Eu02300 [X]Dementia in Parkinson's disease  
9565 Eu01.11 [X]Arteriosclerotic dementia  
11136 F111.00 Pick's disease  
11175 Eu01100 [X]Multi-infarct dementia  
11379 Eu00112 [X]Senile dementia,Alzheimer's type  
12621 Eu02.00 [X]Dementia in other diseases classified elsewhere  
15165 E001.00 Presenile dementia  
15249 E00y.00 Other senile and presenile organic psychoses 
16797 F110000 Alzheimer's disease with early onset  
18386 E002000 Senile dementia with paranoia  
19393 Eu01z00 [X]Vascular dementia, unspecified  
19477 E004.00 Arteriosclerotic dementia  
21887 E002100 Senile dementia with depression  
25386 E041.00 Dementia in conditions EC  
25704 Eu00011 [X]Presenile dementia,Alzheimer's type  
26270 Eu02500 [X]Lewy body dementia  
27677 E001300 Presenile dementia with depression  
27759 Eu02z16 [X] Senile dementia, depressed or paranoid type  
27935 Eu02z15 [X] Senile psychosis NOS  
28402 Eu02000 [X]Dementia in Pick's disease  
29386 Eu00z00 [X]Dementia in Alzheimer's disease, unspecified  
29512 F112.00 Senile degeneration of brain  
30032 E001200 Presenile dementia with paranoia  
30706 Eu00200 [X]Dementia in Alzheimer's dis, atypical or mixed type  
31016 Eu01300 [X]Mixed cortical and subcortical vascular dementia  
32057 F110100 Alzheimer's disease with late onset  
33707 E00..00    Senile and presenile organic psychotic conditions 
34944 Eu02z13 [X] Primary degenerative dementia NOS  
37014 Eu02200 [X]Dementia in Huntington's disease  
37015 E003.00 Senile dementia with delirium  
38438 E001z00 Presenile dementia NOS  
38678 Eu00100 [X]Dementia in Alzheimer's disease with late onset  
41089 E002z00 Senile dementia with depressive or paranoid features NOS  
42279 E004z00 Arteriosclerotic dementia NOS  
42602 E001000 Uncomplicated presenile dementia  
43089 E004000 Uncomplicated arteriosclerotic dementia  
43292 E004300 Arteriosclerotic dementia with depression  
43346 Eu00113 [X]Primary degen dementia of Alzheimer's type, senile onset  
44674 E002.00 Senile dementia with depressive or paranoid features  
46488 Eu01000 [X]Vascular dementia of acute onset  
46762 Eu00111 [X]Alzheimer's disease type 1  
47619 Eu02z12 [X] Presenile psychosis NOS  
48501 Eu02z11 [X] Presenile dementia NOS  
49263 Eu00000 [X]Dementia in Alzheimer's disease with early onset  
49513 E001100 Presenile dementia with delirium  
51494 E00y.11 Presbyophrenic psychosis 
53446 Eu04100 [X]Delirium superimposed on dementia  
54106 Eu02100 [X]Dementia in Creutzfeldt-Jakob disease  
55313 Eu01y00 [X]Other vascular dementia  
55467 E004200 Arteriosclerotic dementia with paranoia  
55838 Eu01111 [X]Predominantly cortical dementia  
56912 E004100 Arteriosclerotic dementia with delirium  
59122 Fyu3000 [X]Other Alzheimer's disease  
60059 Eu00012 [X]Primary degen dementia, Alzheimer's type, presenile onset  
61528 Eu00013 [X]Alzheimer's disease type 2  
62132 E02y100 Drug-induced dementia  
64267 Eu02y00 [X]Dementia in other specified diseases classif elsewhere  
109288 A411000  
 
 
 
  
Appendix 2.  Definition of covariates 
We extracted and coded the following covariates at the start and end of each patient’s Drug Exposure 
Period (DEP), unless stated otherwise, from the patient’s record:   
Diagnosis of cardiovascular and related diseases: any previous diagnosis of diabetes, diabetes 
complications, hyperlipidemia, hypertension, stroke/ Transient Ischaemic Attack, congestive heart disease, 
heart failure, peripheral arterial disease, atrial fibrillation, angina, myocardial infarction, coronary artery 
operations, deep vein thrombosis.  
Depression:  Depression was measured in terms of its maximum severity (for diagnosed depression), the 
presence of depressive symptoms, and its duration.  Maximum severity was defined as ‘mild’ ‘moderate’ or 
‘severe’ using published classifications of Read codes for depression (1,2), with additional classification by 
members of the study team (KR, NS) for Read codes not included in those studies .  The Read codes used 
for depression severity and depressive symptoms are given below. Duration is defined as the time between 
first record of diagnosis and the relevant cut-off date for measurement of covariates. 
Other potential dementia risk factors or correlates: anxiety, anxiety symptoms, Parkinson's disease, severe 
mental illness, epilepsy, drug abuse, cancer, insomnia, sleep problems, migraine, headache, pain, 
neuropathy, Meniere's disease, restless leg syndrome 
Other indications for anticholinergics: Chronic obstructive pulmonary disease, asthma, rhinitis, 
Gastroesophageal reflux disease, peptic/gastric ulcer, Irritable bowel syndrome, Inflammatory Bowel 
disease, intestinal surgery, liver disease, arthritis, dermatitis, eczema, psoriasis, incontinence, chronic 
kidney disease, or prostatism. 
Other factors: GP practice region (Scotland, Northern Ireland, Wales and 10 health regions of England), 
smoking status (never, former, current or unknown), body mass index (<20, 20-24.9, 25-29.9, 30+ kg/m2, 
or missing), and problematic alcohol use (categorised as more than 49 units per week for men and more 
than 35 units per week for women, or missing). In the 12 months prior to the DEP: any falls, any fractures, 
and number of GP consultations. 
Other medication:  Number of prescriptions during the DEP of other medications rated without 
anticholinergic activity from the following classes: benzodiazepines (ATC N05BA, N05CD, N03AE), z-drugs 
(ATC N05CF), antidepressants (ATC N06A), antinausea and antivertigo preparations (ATC N07C, A03F), 
antiepileptics (ATC N03), and anti-Parkinson drugs (ATC N04).  
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Appendix 3.  CPRD medcodes, corresponding Read codes and Read terms used to define depression 
severity and depressive symptoms 
medcode 
Read 
code Read term 
Depression 
severity 
595 E112.14 Endogenous depression  Severe 
1055 E135.00  Agitated depression Severe 
2560 E11..12 Depressive psychoses Severe 
5879 E112.11 Agitated depression  Severe 
6932 E113.11 Endogenous depression - recurrent  Severe 
8478 E130.00  Reactive depressive psychosis Severe 
9667 Eu32200 [X]Severe depressive episode without psychotic symptoms  Severe 
11329 Eu33311 [X]Endogenous depression with psychotic symptoms  Severe 
12099 Eu32300 [X]Severe depressive episode with psychotic symptoms  Severe 
15099 E113.00 Recurrent major depressive episode  Severe 
16861 Eu33315 [X]Recurrent severe episodes of psychotic depression Severe 
16861 Eu33315 [X]Recurrent severe episodes of psychotic depression  Severe 
17770 E130.11 Psychotic reactive depression Severe 
22806 Eu32212 [X]Single episode major depression w'out psychotic symptoms  Severe 
24112 Eu32313 [X]Single episode of psychotic depression  Severe 
24117 Eu32311 [X]Single episode of major depression and psychotic symptoms  Severe 
24171 E113400 Recurrent major depressive episodes, severe, with psychosis  Severe 
25563 E113z00 Recurrent major depressive episode NOS  Severe 
25697 E113300 Recurrent major depressive episodes, severe, no psychosis  Severe 
28863 Eu32314 [X]Single episode of reactive depressive psychosis  Severe 
29784 Eu33300 [X]Recurrent depress disorder cur epi severe with psyc symp  Severe 
31757 Eu33314 [X]Recurr severe episodes/psychogenic depressive psychosis  Severe 
32159 E112400 Single major depressive episode, severe, with psychosis  Severe 
32941 Eu33313 [X]Recurr severe episodes/major depression+psychotic symptom  Severe 
33469 Eu33200 [X]Recurr depress disorder cur epi severe without psyc sympt  Severe 
33469 Eu33200 [X]Recurr depress disorder cur epi severe without psyc sympt Severe 
34390 E112000 Single major depressive episode, unspecified  Severe 
35671 E113000 Recurrent major depressive episodes, unspecified  Severe 
37764 Eu33316 [X]Recurrent severe episodes/reactive depressive psychosis Severe 
37764 Eu33316 [X]Recurrent severe episodes/reactive depressive psychosis  Severe 
41989 Eu32211 [X]Single episode agitated depressn w'out psychotic symptoms  Severe 
52678 Eu32312 [X]Single episode of psychogenic depressive psychosis  Severe 
98414 Eu32700 [X]Major depression, severe without psychotic symptoms  Severe 
98417 Eu32800 [X]Major depression, severe with psychotic symptoms  Severe 
101153 Eu32A00 [X]Recurr major depr ep, severe with psych, psych in remiss  Severe 
324 E2B..00 Depressive disorder NEC Moderate 
2970 Eu32z00 [X]Depressive episode, unspecified  Moderate 
3292 Eu33.00 [X]Recurrent depressive disorder  Moderate 
4323 E2B1.00  Chronic depression Moderate 
4639 Eu32.00 [X]Depressive episode  Moderate 
6482 E113700 Recurrent depression  Moderate 
6546 E112.12 Endogenous depression first episode  Moderate 
6950 E112.13 Endogenous depression first episode  Moderate 
7011 E112z00 Single major depressive episode NOS  Moderate 
9183 E11z200 Masked depression Moderate 
9211 Eu32100 [X]Moderate depressive episode  Moderate 
10610 E112.00 Single major depressive episode  Moderate 
10720 Eu32y11 [X]Atypical depression  Moderate 
11252 Eu33212 [X]Major depression, recurrent without psychotic symptoms  Moderate 
11329 Eu33211 [X]Endogenous depression without psychotic symptoms  Moderate 
11913 Eu41200 [X]Mixed anxiety and depressive disorder Moderate Moderate 
14709 E113200 Recurrent major depressive episodes, moderate  Moderate 
15155 E112200 Single major depressive episode, moderate  Moderate 
15219 E112300 Single major depressive episode, severe, without psychosis  Moderate 
15220 Eu34114 [X]Persistant anxiety depression  Moderate 
22116 Eu33400 [X]Recurrent depressive disorder, currently in remission  Moderate 
27491 E11y200 Atypical depressive disorder  Moderate 
28248 Eu32z13 [X]Prolonged single episode of reactive depression  Moderate 
29520 Eu33100 [X]Recurrent depressive disorder, current episode moderate  Moderate 
29520 Eu33100 [X]Recurrent depressive disorder, current episode moderate Moderate 
31757 Eu33214 [X]Vital depression, recurrent without psychotic symptoms  Moderate 
36616 Eu33z11 [X]Monopolar depression NOS  Moderate 
43324 E112500 Single major depressive episode, partial or unspec remission  Moderate 
44300 Eu33z00 [X]Recurrent depressive disorder, unspecified  Moderate 
47731 Eu33y00 [X]Other recurrent depressive disorders  Moderate 
56273 E113500 Recurrent major depressive episodes,partial/unspec remission  Moderate 
59386 Eu32213 [X]Single episode vital depression w'out psychotic symptoms  Moderate 
98252 Eu32600 [X]Major depression, moderately severe  Moderate 
101054 Eu32900 [X]Single major depr ep, severe with psych, psych in remiss  Moderate 
543 Eu32z11 [X]Depression NOS  Mild 
655 E200300 Anxiety with depression Mild 
1131 E204.00 Neurotic depression reactive type Mild 
1533 E290.00 Brief depressive reaction  Mild 
2716 1465.00  H/O: depression Mild 
2972 E2B0.00  Postviral depression Mild 
3291 Eu32z12 [X]Depressive disorder NOS  Mild 
5987 Eu32z14 [X] Reactive depression NOS  Mild 
6854 Eu32y00 [X]Other depressive episodes  Mild 
7604 Eu32.13 [X]Single episode of reactive depression  Mild 
7737 Eu34113 [X]Neurotic depression  Mild 
7749 Eu41211 [X]Mild anxiety depression Mild Mild 
7953 Eu34100 [X]Dysthymia  Mild 
8584 Eu34111 [X]Depressive neurosis  Mild 
8826 Eu33.15 [X]SAD - Seasonal affective disorder  Mild 
8851 Eu33.11 [X]Recurrent episodes of depressive reaction  Mild 
8902 Eu33.13 [X]Recurrent episodes of reactive depression  Mild 
9055 Eu32.11 [X]Single episode of depressive reaction  Mild 
10290 Eu34112 [X]Depressive personality disorder  Mild 
10455 E211200 Depressive personality disorder Mild 
10667 Eu32400 [X]Mild depression  Mild 
10825 E118.00  Seasonal affective disorder Mild 
11717 Eu32000 [X]Mild depressive episode  Mild 
12399 9H90.00 Depression annual review Mild 
16506 E112100 Single major depressive episode, mild  Mild 
16632 E291.00  Prolonged depressive reaction Mild 
18510 Eu32.12 [X]Single episode of psychogenic depression  Mild 
19696 Eu33.12 [X]Recurrent episodes of psychogenic depression  Mild 
28756 Eu33.14 [X]Seasonal depressive disorder  Mild 
29342 E113100 Recurrent major depressive episodes, mild  Mild 
29784 Eu33000 [X]Recurrent depressive disorder, current episode mild  Mild 
42931 9HA0.00 On depression register Mild 
55384 E113600 Recurrent major depressive episodes, in full remission  Mild 
56609 Eu32y12 [X]Single episode of masked depression NOS  Mild 
57409 E112600 Single major depressive episode, in full remission Mild 
98346 Eu32500 [X]Major depression, mild  Mild 
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eFigure1 – Selection of 40,770 patients with dementia and 283,933 controls from the Clinical Practice Research 
Datalink.  
 
 
eTable 1. Frequency of prescriptions during the drug exposure period according to Anticholinergic Cognitive Burden (ACB) score and drug class.   Drugs representing more 
than 1% of the prescriptions within each ACB level are shown, or the most prevalent drug within each subgroup where this represents fewer than 1% of prescriptions.  
Shaded areas indicate no drug within that group was prescribed during the course of the study. 
 
 ACB1 (25,122,902 prescriptions) 
 
ACB2 (132,731 prescriptions) 
 
ACB3 (1,793,505 prescriptions) 
Class Drug %   Drug %   Drug % 
Antidepressant Citalopram 1% 
    
Amitriptyline 29% 
      
Dosulepin 16% 
      
Paroxetine 8% 
      
Lofepramine 2% 
      
Clomipramine 2% 
      
Imipramine 2% 
      
Trimipramine 2% 
              Nortriptyline 1% 
Gastrointestinal Ranitidine 2% 
    
Hyoscine 1% 
      
Dicycloverine 1% 
              Atropine 1% 
Respiratory Ipratropium 0.6% 
 
Cyproheptadine 0.7% 
 
Chlorphenamine 4% 
      
Hydroxyzine 2% 
              Promethazine 1% 
Antipsychotic Prochlorperazine 1% 
 
Zuclopenthixol  1% 
 
Trifluoperazine 2% 
      
Olanzapine 2% 
      
Chlorpromazine 1% 
              Thioridazine 1% 
Parkinsonian       Amantadine  2%   Procyclidine 1% 
Urological 
      
Tolterodine 7% 
      
Oxybutynin 7% 
              Solifenacin 1% 
Analgesic CODEINE 6% 
 
Nefopam  6% 
   Dextropropoxyphene 4% 
 
Pethidine  2% 
   Dihydrocodeine 3% 
        Tramadol 1%             
Cardiovascular Bendroflumethiazide 13% 
      Atenolol 11% 
      Furosemide 6% 
      
Ramipril 5% 
      Lisinopril 4% 
      Isosorbide 4% 
      Warfarin 4% 
      Nifedipine 3% 
      Doxazosin 3% 
      Digoxin 2% 
      Enalapril 2% 
      Perindopril 2% 
      Amiloride 2% 
        Glyceryl Trinitrate 2%             
Other Prednisolone 2% 
 
Carbamazepine 87% 
 
Methocarbamol 0.4% 
  Diazepam 1%             
  
eTable 2. Adjusted odds ratios of dementia by number of DDDs of anticholinergic medications by drug class and ACB score 
Drug class 
Cases (n=40,770) 
n (%) 
Controls (283,933) 
n (%) 
Adjusted for 
covariates measured 
at start of DEP 
aOR (95% CI) 
Adjusted for covariates 
measured at end of 
DEP 
aOR (95% CI) 
Analgesic 
0 16,899 (41.4%) 125,771 (44.3%) 1 1 
>0-13 6,581 (16.1%) 45,258 (15.9%) 1.03 (1.00 to 1.07) 1.02 (0.99 to 1.05) 
14-89 8,166 (20.0%) 55,924 (19.7%) 1.00 (0.97 to 1.03) 1.00 (0.97 to 1.03) 
90-364 5,216 (12.8%) 33,483 (11.8%) 1.03 (0.99 to 1.07) 1.04 (1.00 to 1.08) 
365-1459 3,293 (8.1%) 20,172 (7.1%) 1.04 (1.00 to 1.09) 1.06 (1.01 to 1.11) 
1460+ 615 (1.5%) 3,325 (1.2%) 1.12 (1.02 to 1.23) 1.16* (1.05 to 1.27) 
Antidepressant 
0 34,812 (85.4%) 255,166 (89.9%) 1 1 
>0-13 114 (0.3%) 0,713 (0.3%) 1.05 (0.86 to 1.28) 0.99 (0.81 to 1.21) 
14-89 2,103 (5.2%) 10,967 (3.9%) 1.29* (1.23 to 1.36) 1.19* (1.13 to 1.25) 
90-364 1,481 (3.6%) 7,222 (2.5%) 1.36* (1.28 to 1.44) 1.23* (1.16 to 1.31) 
365-1459 1,552 (3.8%) 6,883 (2.4%) 1.47* (1.39 to 1.57) 1.34* (1.26 to 1.43) 
1460+ 708 (1.7%) 2,982 (1.1%) 1.55* (1.42 to 1.69) 1.47* (1.34 to 1.60) 
Antipsychotic 
0 32,719 (80.3%) 233,854 (82.4%) 1 1 
>0-13 6,453 (15.8%) 41,234 (14.5%) 1.04 (1.01 to 1.07) 1.03 (1.00 to 1.06) 
14-89 1,102 (2.7%) 6,195 (2.2%) 1.10* (1.02 to 1.17) 1.09 (1.01 to 1.16) 
90-364 359 (0.9%) 1,977 (0.7%) 1.09 (0.97 to 1.23) 1.07 (0.95 to 1.20) 
365-1459 108 (0.3%) 0,542 (0.2%) 1.11 (0.90 to 1.38) 1.09 (0.88 to 1.36) 
1460+ 29 (0.1%) 0,131 (0.0%) 1.04 (0.68 to 1.59) 1.03 (0.67 to 1.57) 
Cardiovascular 
0 12,844 (31.5%) 92,038 (32.4%) 1 1 
>0-13 713 (1.7%) 4,550 (1.6%) 1.00 (0.92 to 1.09) 0.99 (0.91 to 1.07) 
14-89 1,863 (4.6%) 11,912 (4.2%) 1.03 (0.98 to 1.09) 1.03 (0.97 to 1.09) 
90-364 2,625 (6.4%) 17,242 (6.1%) 1.01 (0.96 to 1.06) 1.01 (0.96 to 1.06) 
365-1459 6,802 (16.7%) 46,285 (16.3%) 0.98 (0.94 to 1.01) 0.98 (0.95 to 1.02) 
1460+ 15,923 (39.1%) 111,906 (39.4%) 0.93* (0.90 to 0.96) 0.95* (0.91 to 0.99) 
Gastro-intestinal 
0 29,925 (73.4%) 212,119 (74.7%) 1 1 
>0-13 2,995 (7.3%) 19,201 (6.8%) 1.03 (0.98 to 1.07) 1.01 (0.97 to 1.06) 
14-89 3,592 (8.8%) 24,251 (8.5%) 0.95* (0.91 to 0.99) 0.94* (0.90 to 0.98) 
90-364 2,216 (5.4%) 15,138 (5.3%) 0.92* (0.88 to 0.97) 0.92* (0.87 to 0.96) 
365-1459 1,607 (3.9%) 10,409 (3.7%) 0.96 (0.91 to 1.01) 0.96 (0.90 to 1.01) 
1460+ 435 (1.1%) 2,815 (1.0%) 0.94 (0.85 to 1.05) 0.95 (0.86 to 1.06) 
Respiratory 
0 31,385 (77.0%) 221,146 (77.9%) 1 1 
>0-13 1,507 (3.7%) 10,163 (3.6%) 1.01 (0.95 to 1.07) 1.02 (0.96 to 1.08) 
14-89 4,702 (11.5%) 31,037 (10.9%) 1.01 (0.98 to 1.05) 1.00 (0.97 to 1.04) 
90-364 1,515 (3.7%) 10,357 (3.6%) 0.95 (0.89 to 1.00) 0.95 (0.89 to 1.00) 
365-1459 1,095 (2.7%) 7,363 (2.6%) 0.97 (0.91 to 1.04) 0.98 (0.92 to 1.05) 
1460+ 566 (1.4%) 3,867 (1.4%) 0.94 (0.86 to 1.04) 0.96 (0.87 to 1.05) 
Other 
0 29,249 (71.7%) 206,588 (72.8%) 1 1 
>0-13 2,653 (6.5%) 17,447 (6.1%) 0.98 (0.93 to 1.03) 0.97 (0.93 to 1.02) 
14-89 5,013 (12.3%) 33,590 (11.8%) 0.95* (0.92 to 0.99) 0.95 (0.92 to 0.99) 
90-364 2,182 (5.4%) 14,688 (5.2%) 0.93* (0.88 to 0.98) 0.94 (0.89 to 0.99) 
365-1459 1,362 (3.3%) 9,441 (3.3%) 0.92* (0.86 to 0.97) 0.91* (0.86 to 0.97) 
1460+ 311 (0.8%) 2,179 (0.8%) 0.86 (0.76 to 0.97) 0.86 (0.76 to 0.98) 
ACB2 
Analgesic 
0 40,385 (99.1%) 281,596 (99.2%) 1 1 
>0-13 116 (0.3%) 0,832 (0.3%) 0.89 (0.73 to 1.08) 0.89 (0.73 to 1.09) 
14-89 208 (0.5%) 1,189 (0.4%) 1.10 (0.94 to 1.27) 1.10 (0.95 to 1.28) 
90-364 39 (0.1%) 0,208 (0.1%) 1.13 (0.79 to 1.59) 1.12 (0.79 to 1.59) 
365+ 22 (0.1%) 0,108 (0.0%) 1.21 (0.76 to 1.93) 1.21 (0.76 to 1.93) 
Antipsychotic 
0 40,748 (99.9%) 283,864 (100.0%) 1 1 
>0-89 6 (0.0%) 0,024 (0.0%) 1.11 (0.45 to 2.75) 0.92 (0.36 to 2.33) 
90+ 16 (0.0%) 0,045 (0.0%) 1.62 (0.90 to 2.92) 1.61 (0.89 to 2.91) 
Parkinsonian 
0 40,713 (99.9%) 283,792 (100.0%) 1 1 
>0-89 20 (0.0%) 0,063 (0.0%) 1.43 (0.85 to 2.40) 1.33 (0.79 to 2.23) 
90-364 19 (0.0%) 0,037 (0.0%) 1.80 (1.02 to 3.17) 1.47 (0.84 to 2.59) 
365+ 18 (0.0%) 0,041 (0.0%) 1.48 (0.84 to 2.62) 1.18 (0.67 to 2.08) 
Respiratory 
0 40,751 (100.0%) 283,810 (100.0%) 1 1 
>0-13 6 (0.0%) 0,041 (0.0%) 0.89 (0.37 to 2.11) 0.80 (0.34 to 1.93) 
14+ 13 (0.0%) 0,082 (0.0%) 0.89 (0.49 to 1.61) 0.85 (0.47 to 1.53) 
Other  
0 39,785 (97.6%) 278,479 (98.1%) 1 1 
>0-13 424 (1.0%) 2,499 (0.9%) 1.02 (0.92 to 1.14) 1.05 (0.94 to 1.17) 
14-89 218 (0.5%) 1,338 (0.5%) 0.97 (0.84 to 1.12) 0.99 (0.85 to 1.15) 
90-364 152 (0.4%) 0,773 (0.3%) 1.17 (0.98 to 1.39) 1.17 (0.97 to 1.40) 
365-1459 143 (0.4%) 0,674 (0.2%) 1.26 (1.05 to 1.52) 1.23 (1.01 to 1.48) 
1460+ 48 (0.1%) 0,170 (0.1%) 1.58* (1.14 to 2.20) 1.56* (1.12 to 2.17) 
ACB3 
Antidepressant 
0 31,947 (78.4%) 233,116 (82.1%) 1 1 
>0-13 3,389 (8.3%) 21,235 (7.5%) 1.08* (1.04 to 1.13) 1.07* (1.02 to 1.11) 
14-89 1,505 (3.7%) 8,976 (3.2%) 1.07 (1.01 to 1.14) 1.05 (0.99 to 1.12) 
90-364 1,775 (4.4%) 9,682 (3.4%) 1.16* (1.10 to 1.23) 1.14* (1.08 to 1.21) 
365-1459 1,498 (3.7%) 7,732 (2.7%) 1.24* (1.17 to 1.31) 1.22* (1.14 to 1.29) 
1460+ 656 (1.6%) 3,192 (1.1%) 1.30* (1.18 to 1.42) 1.29* (1.18 to 1.41) 
Antipsychotic 
0 39,734 (97.5%) 278,793 (98.2%) 1 1 
>0-13 413 (1.0%) 2,356 (0.8%) 0.98 (0.88 to 1.09) 0.96 (0.86 to 1.07) 
14-89 243 (0.6%) 1,175 (0.4%) 1.11 (0.96 to 1.28) 1.10 (0.95 to 1.27) 
90-364 194 (0.5%) 800 (0.3%) 1.31* (1.12 to 1.54) 1.29* (1.09 to 1.52) 
365-1459 134 (0.3%) 601 (0.2%) 1.20 (0.99 to 1.46) 1.16 (0.95 to 1.42) 
1460+ 52 (0.1%) 208 (0.1%) 1.31 (0.96 to 1.80) 1.32 (0.96 to 1.82) 
Gastro-intestinal 
0 38,953 (95.5%) 271,876 (95.8%) 1 1 
>0-13 1,205 (3.0%) 8,052 (2.8%) 0.95 (0.90 to 1.02) 0.95 (0.89 to 1.01) 
14-89 454 (1.1%) 2,977 (1.0%) 0.91 (0.82 to 1.00) 0.91 (0.82 to 1.01) 
90-364 101 (0.2%) 717 (0.3%) 0.80 (0.65 to 0.99) 0.82 (0.66 to 1.02) 
365+ 57 (0.1%) 311 (0.1%) 1.09 (0.82 to 1.46) 1.12 (0.84 to 1.49) 
Parkinsonian 
0 40,500 (99.3%) 282,982 (99.7%) 1 1 
>0-13 30 (0.1%) 125 (0.0%) 1.29 (0.95 to 1.74) 1.19 (0.88 to 1.61) 
14-89 60 (0.1%) 207 (0.1%) 1.40 (0.94 to 2.07) 1.27 (0.86 to 1.89) 
90-364 65 (0.2%) 220 (0.1%) 1.44 (1.08 to 1.92) 1.27 (0.95 to 1.70) 
365-1459 88 (0.2%) 301 (0.1%) 1.56* (1.22 to 2.01) 1.35 (1.05 to 1.74) 
1460+ 27 (0.1%) 98 (0.0%) 1.61 (1.04 to 2.50) 1.39 (0.89 to 2.18) 
Respiratory 
0 36,768 (90.2%) 258,738 (91.1%) 1 1 
>0-13 1,997 (4.9%) 12,966 (4.6%) 1.02 (0.97 to 1.08) 1.02 (0.97 to 1.07) 
14-89 1,511 (3.7%) 9,321 (3.3%) 1.05 (1.00 to 1.12) 1.05 (0.99 to 1.11) 
90-364 293 (0.7%) 1,809 (0.6%) 1.02 (0.90 to 1.15) 1.01 (0.89 to 1.15) 
365-1459 169 (0.4%) 893 (0.3%) 1.18 (1.00 to 1.40) 1.18 (1.00 to 1.40) 
1460+ 32 (0.1%) 206 (0.1%) 1.01 (0.69 to 1.47) 1.01 (0.70 to 1.48) 
Urological 
0 37,509 (92.0%) 267,060 (94.1%) 1 1 
>0-13 295 (0.7%) 1,810 (0.6%) 1.06 (0.94 to 1.20) 1.02 (0.90 to 1.15) 
14-89 1,167 (2.9%) 6,514 (2.3%) 1.15* (1.08 to 1.23) 1.10* (1.03 to 1.17) 
90-364 773 (1.9%) 3,891 (1.4%) 1.27* (1.18 to 1.38) 1.21* (1.12 to 1.31) 
365-1459 800 (2.0%) 3,550 (1.3%) 1.41* (1.30 to 1.53) 1.35* (1.24 to 1.46) 
1460+ 226 (0.6%) 1,108 (0.4%) 1.28* (1.11 to 1.48) 1.24* (1.07 to 1.44) 
Other 
0 40,483 (99.3%) 282,179 (99.4%) 1 1 
>0-13 83 (0.2%) 488 (0.2%) 1.06 (0.84 to 1.35) 1.04 (0.82 to 1.32) 
14-89 165 (0.4%) 1,109 (0.4%) 0.89 (0.75 to 1.05) 0.89 (0.76 to 1.06) 
90-364 36 (0.1%) 144 (0.1%) 1.52 (1.05 to 2.20) 1.55 (1.07 to 2.24) 
  
DEP, drug exposure period; DDD, defined daily dose; OR, odds ratio, aOR, adjusted odds ratio; CI confidence interval; ACB Anticholinergic cognitive burden  
* p<0.01   
eTable 3. Adjusted odds ratios of dementia by any new prescription of a probably or potently anticholinergic medication and by drug class 
 
Cases (n=35,555) Controls (n=221,772) Measured at start of DEP Measured at end of DEP 
Any use during DEP n (%) n (%) aOR (95% CI) aOR (95% CI) 
Any use by ACB score 
No prescription 3,791 (10.7%) 28,866 (13.0%) 1 1 
Any ACB 1 31,463 (88.5%) 191,183 (86.2%) 1.12* (1.08 to 1.16) 1.11* (1.07 to 1.16) 
New ACB 2 912 (2.6%) 4,594 (2.1%) 1.11* (1.03 to 1.20) 1.12* (1.04 to 1.21) 
New ACB 3 10,163 (28.6%) 55,534 (25.0%) 1.13* (1.09 to 1.16) 1.07* (1.04 to 1.10) 
Any use by ACB score and class 
No prescription 3,791 (10.7%) 28,866 (13.0%) 1 1 
Any ACB1 
Analgesic 20,056 (56.4%) 119,509 (53.9%) 1.02 (1.00 to 1.05) 1.02 (0.99 to 1.05) 
Antidepressant 4,468 (12.6%) 19,010 (8.6%) 1.39* (1.34 to 1.45) 1.26* (1.20 to 1.32) 
Antipsychotic 6,534 (18.4%) 36,702 (16.5%) 1.05* (1.02 to 1.09) 1.04 (1.01 to 1.07) 
Cardiovascular 24,092 (67.8%) 148,297 (66.9%) 0.97 (0.94 to 1.00) 0.98 (0.95 to 1.02) 
Gastro-intestinal 8,870 (24.9%) 53,297 (24.0%) 0.96* (0.93 to 0.99) 0.95* (0.93 to 0.98) 
Respiratory 7,853 (22.1%) 47,517 (21.4%) 0.99 (0.96 to 1.02) 0.95* (0.92 to 0.98) 
Other 9,470 (26.6%) 57,341 (25.9%) 0.95* (0.92 to 0.98) 0.99 (0.96 to 1.02) 
New ACB2 
Analgesic 286 (0.8%) 1,510 (0.7%) 1.08 (0.95 to 1.23) 1.09 (0.96 to 1.24) 
Antipsychotic 6 (0.0%) 12 (0.0%) NA NA 
Parkinsonian 39 (0.1%) 83 (0.0%) 1.55 (1.04 to 2.30) 1.32 (0.88 to 1.96) 
Respiratory 13 (0.0%) 77 (0.0%) 0.89 (0.49 to 1.61) 0.85 (0.47 to 1.54) 
Other 591 (1.7%) 3,019 (1.4%) 1.07 (0.98 to 1.18) 1.10 (1.00 to 1.21) 
New ACB3 
Antidepressant 5,708 (16.1%) 30,035 (13.5%) 1.10* (1.06 to 1.14) 1.08* (1.04 to 1.11) 
Antipsychotic 503 (1.4%) 2,230 (1.0%) 1.14 (1.03 to 1.27) 1.12 (1.01 to 1.25) 
Gastro-intestinal 1,296 (3.6%) 7,854 (3.5%) 0.93 (0.88 to 0.99) 0.93 (0.87 to 0.99) 
Parkinsonian 91 (0.3%) 283 (0.1%) 1.32 (1.03 to 1.69) 1.16 (0.90 to 1.49) 
Respiratory 3,114 (8.8%) 17,752 (8.0%) 1.04 (1.00 to 1.09) 1.04 (0.99 to 1.08) 
Urological 2,239 (6.3%) 10,630 (4.8%) 1.22* (1.16 to 1.28) 1.17* (1.11 to 1.23) 
Other 220 (0.6%) 1,169 (0.5%) 1.03 (0.89 to 1.19) 1.03 (0.89 to 1.20) 
DEP, drug exposure period; aOR, adjusted odds ratio; CI confidence interval; ACB Anticholinergic cognitive burden  
* p<0.01 
  
eTable 4. Adjusted odds ratios of dementia by prescription of an anticholinergic medication as measured by the Anticholinergic Drug Scale and by drug class 
Cases (n=40,770) Controls (n=283,933) Measured at start of DEP Measured at end of DEP 
Drug class n (%) n (%) aOR (95% CI) aOR (95% CI) 
Any use by ADS score 
No prescription 14,585 (35.8%) 114,814 (40.4%) 1 1 
ADS1 21,074 (51.7%) 135,248 (47.6%) 1.07* (1.04 to 1.09) 1.03 (1.01 to 1.06) 
ADS2 7,038 (17.3%) 45,301 (16.0%) 0.98 (0.95 to 1.01) 0.96 (0.93 to 0.99) 
ADS3 13,203 (32.4%) 79,114 (27.9%) 1.13* (1.10 to 1.16) 1.08* (1.06 to 1.11) 
Any use by ADS score and class 
No prescription 14,585 (35.8%) 114,814 (40.4%) 1 1 
ADS1 
Analgesic 5,275 (12.9%) 33,364 (11.8%) 0.96 (0.93 to 1.00) 0.97 (0.93 to 0.00) 
Antidepressant 6,061 (14.9%) 29,393 (10.4%) 1.34* (1.30 to 1.39) 1.22* (1.18 to 1.27) 
Antipsychotic 7,602 (18.6%) 47,934 (16.9%) 1.03 (1.00 to 1.06) 1.02 (0.99 to 1.05) 
Cardiovascular 4,320 (10.6%) 27,358 (9.6%) 1.02 (0.98 to 1.06) 1.02 (0.98 to 1.06) 
Gastro-intestinal 832 (2.0%) 5,513 (1.9%) 0.96 (0.89 to 1.04) 0.96 (0.89 to 1.04) 
Respiratory 3,206 (7.9%) 21,246 (7.5%) 1.01 (0.97 to 1.05) 1.00 (0.96 to 1.04) 
Other  7,240 (17.8%) 49,734 (17.5%) 0.94* (0.91 to 0.97) 0.94* (0.92 to 0.97) 
ADS2 
Antipsychotic 367 (0.9%) 1,707 (0.6%) 1.12 (1.00 to 1.26) 1.10 (0.97 to 1.24) 
Gastro-intestinal 5,820 (14.3%) 39,251 (13.8%) 0.94* (0.91 to 0.97) 0.93* (0.90 to 0.96) 
Other  1,314 (3.2%) 6,688 (2.4%) 1.10* (1.04 to 1.18) 1.07 (1.00 to 1.14) 
ADS3 
Antidepressant 7,778 (19.1%) 45,295 (16.0%) 1.10* (1.07 to 1.14) 1.09* (1.06 to 1.12) 
Antipsychotic 649 (1.6%) 3,247 (1.1%) 1.02 (0.93 to 1.12) 1.01 (0.92 to 1.10) 
Gastro-intestinal 921 (2.3%) 6,176 (2.2%) 0.90* (0.84 to 0.97) 0.91 (0.85 to 0.98) 
Parkinsonian 270 (0.7%) 951 (0.3%) 1.48* (1.28 to 1.72) 1.28* (1.10 to 1.49) 
Respiratory  4,281 (10.5%) 26,921 (9.5%) 1.02 (0.98 to 1.06) 1.01 (0.98 to 1.05) 
Urological 3,236 (7.9%) 16,750 (5.9%) 1.24* (1.19 to 1.29) 1.17* (1.12 to 1.23) 
 
DEP, drug exposure period; OR, odds ratio, aOR, adjusted odds ratio; CI confidence interval; ADS Anticholinergic drug scale 
* p<0.01 
  
etable 5a. Adjusted odds ratios of dementia by prescription of a potent anticholinergic by drug class, by adjustment for BMI, smoking and alcohol abuse and by patients 
with complete data.  Adjustments made for covariates as measured at the start of the drug exposure period. 
 
Adjusted for covariates measured at the start of the drug exposure period 
All patients (40,770 cases, 283,933 controls) 
Patients without missing data at start of DEP (15,214 cases, 
48,486 controls) 
ACB score and drug class Fully adjusted model 
Unadjusted for alcohol 
abuse, smoking, BMI Fully adjusted model 
Unadjusted for alcohol 
abuse, smoking, BMI 
aOR (95% CI) aOR (95% CI) aOR (95% CI) aOR (95% CI) 
Any use by ACB score  
No prescriptions 1 1 1 1 
ACB 1 prescription 1.11* (1.07 to 1.15) 1.11* (1.07 to 1.15) 1.08 (1.01 to 1.16) 1.07 (1.00 to 1.15) 
ACB 2 prescription 1.10* (1.03 to 1.17) 1.10* (1.03 to 1.16) 1.13 (1.01 to 1.26) 1.13 (1.01 to 1.26) 
ACB 3 prescription 1.16* (1.13 to 1.19) 1.16* (1.13 to 1.19) 1.16* (1.11 to 1.21) 1.16* (1.11 to 1.21) 
No prescription 1 1 1 1 
ACB1 
Analgesic 1.02 (1.00 to 1.05) 1.02 (0.99 to 1.04) 1.02 (0.97 to 1.06) 1.01 (0.96 to 1.05) 
Antidepressant 1.37* (1.32 to 1.42) 1.37* (1.32 to 1.42) 1.43* (1.34 to 1.52) 1.42* (1.34 to 1.51) 
Antipsychotic 1.05* (1.02 to 1.08) 1.05* (1.02 to 1.08) 1.08* (1.02 to 1.14) 1.08* (1.02 to 1.13) 
Cardiovascular 0.97 (0.94 to 0.99) 0.96 (0.94 to 0.99) 0.94 (0.90 to 0.99) 0.93* (0.88 to 0.97) 
Gastro-intestinal 0.97 (0.94 to 0.99) 0.97 (0.94 to 0.99) 0.98 (0.94 to 1.03) 0.98 (0.94 to 1.03) 
Respiratory 0.99 (0.97 to 1.02) 1.00 (0.97 to 1.02) 0.97 (0.93 to 1.02) 0.98 (0.93 to 1.03) 
Other 0.95* (0.92 to 0.97) 0.95* (0.92 to 0.97) 0.94 (0.90 to 0.99) 0.94 (0.90 to 0.99) 
ACB2 
Analgesic 1.03 (0.92 to 1.15) 1.03 (0.92 to 1.15) 1.02 (0.82 to 1.26) 1.01 (0.82 to 1.25) 
Antipsychotic 1.44 (0.87 to 2.36) 1.43 (0.87 to 2.35) 1.13 (0.40 to 3.17) 1.12 (0.40 to 3.15) 
Parkinsonian 1.55* (1.12 to 2.14) 1.56* (1.13 to 2.15) 1.23 (0.68 to 2.25) 1.26 (0.69 to 2.29) 
Respiratory 0.89 (0.55 to 1.45) 0.90 (0.55 to 1.46) 0.74 (0.30 to 1.82) 0.76 (0.31 to 1.86) 
Other 1.07 (1.00 to 1.15) 1.07 (1.00 to 1.15) 1.13 (0.99 to 1.28) 1.13 (0.99 to 1.28) 
ACB3 
Antidepressant 1.13* (1.10 to 1.16) 1.13* (1.10 to 1.16) 1.18* (1.12 to 1.24) 1.18* (1.12 to 1.24) 
Antipsychotic 1.09 (1.02 to 1.18) 1.09 (1.02 to 1.18) 1.01 (0.88 to 1.17) 1.01 (0.88 to 1.17) 
Gastro-intestinal 0.94 (0.89 to 0.99) 0.94 (0.89 to 0.99) 0.94 (0.86 to 1.03) 0.94 (0.86 to 1.04) 
Parkinsonian 1.45* (1.25 to 1.68) 1.44* (1.24 to 1.68) 1.47* (1.10 to 1.97) 1.46* (1.09 to 1.95) 
Respiratory 1.04 (1.00 to 1.08) 1.04 (1.00 to 1.08) 1.03 (0.97 to 1.11) 1.03 (0.96 to 1.10) 
Urological 1.23* (1.18 to 1.28) 1.23* (1.18 to 1.28) 1.26* (1.17 to 1.36) 1.26* (1.17 to 1.35) 
Other 0.99 (0.87 to 1.13) 0.99 (0.87 to 1.12) 0.96 (0.77 to 1.19) 0.96 (0.77 to 1.19) 
 
DEP, drug exposure period; OR, odds ratio, aOR, adjusted odds ratio; CI, confidence interval; ACB, Anticholinergic Cognitive Burden score; BMI, body mass index  
* p<0.01  
etable 5b. Adjusted odds ratios of dementia by prescription of a potent anticholinergic by drug class, by adjustment for BMI, smoking and alcohol abuse and by patients 
with complete data.  Adjustments made for covariates as measured at the end of the drug exposure period. 
Adjusted for covariates measured at the start of the drug exposure period 
 
All patients (40,770 cases, 283,933 controls) 
Patients without missing data at start of DEP  
(15,214 cases, 48,486 controls) 
ACB score and drug class Fully adjusted model 
Unadjusted for alcohol 
abuse, smoking, BMI Fully adjusted model 
Unadjusted for alcohol 
abuse, smoking, BMI 
aOR (95% CI) aOR (95% CI) aOR (95% CI) aOR (95% CI) 
Any use by ACB score  
 No prescriptions 1 1 1 1 
ACB 1 prescription 1.10* (1.06 to 1.15) 1.12* (1.07 to 1.16) 1.07 (1.01 to 1.13) 1.05 (1.00 to 1.11) 
ACB 2 prescription 1.10* (1.03 to 1.16) 1.09* (1.02 to 1.16) 1.09 (1.01 to 1.18) 1.09 (1.01 to 1.17) 
ACB 3 prescription 1.11* (1.08 to 1.14) 1.10* (1.08 to 1.13) 1.09* (1.06 to 1.13) 1.09* (1.05 to 1.12) 
Any use by ACB score and class 
 No prescription 1 1 1 1 
ACB1 
 Analgesic 1.02 (0.99 to 1.04) 1.00 (0.98 to 1.03) 1.01 (0.98 to 1.04) 0.99 (0.96 to 1.02) 
Antidepressant 1.25* (1.20 to 1.30) 1.25* (1.20 to 1.30) 1.22* (1.16 to 1.28) 1.22* (1.16 to 1.28) 
Antipsychotic 1.04 (1.01 to 1.07) 1.04 (1.01 to 1.07) 1.05* (1.02 to 1.09) 1.05* (1.02 to 1.09) 
Cardiovascular 0.98 (0.95 to 1.01) 0.97 (0.94 to 1.00) 0.97 (0.93 to 1.01) 0.94 (0.91 to 0.98) 
Gastro-intestinal 0.96* (0.93 to 0.99) 0.96 (0.94 to 0.99) 0.97 (0.94 to 1.01) 0.97 (0.94 to 1.01) 
Respiratory 0.99 (0.97 to 1.02) 1.00 (0.97 to 1.02) 1.00 (0.97 to 1.04) 1.00 (0.97 to 1.04) 
Other 0.95* (0.92 to 0.98) 0.95* (0.92 to 0.97) 0.95* (0.91 to 0.98) 0.94* (0.91 to 0.98) 
ACB2 
 Analgesic 1.03 (0.92 to 1.16) 1.02 (0.91 to 1.14) 1.04 (0.91 to 1.19) 1.02 (0.89 to 1.17) 
Antipsychotic 1.35 (0.82 to 2.23) 1.32 (0.80 to 2.18) 1.65 (0.84 to 3.27) 1.58 (0.80 to 3.12) 
Parkinsonian 1.32 (0.96 to 1.82) 1.37 (1.00 to 1.89) 1.40 (0.93 to 2.10) 1.47 (0.97 to 2.21) 
Respiratory 0.83 (0.51 to 1.36) 0.88 (0.54 to 1.44) 0.75 (0.42 to 1.33) 0.82 (0.46 to 1.45) 
Other 1.09 (1.01 to 1.17) 1.09 (1.01 to 1.17) 1.07 (0.98 to 1.18) 1.07 (0.97 to 1.17) 
ACB3 
 Antidepressant 1.11* (1.08 to 1.14) 1.11* (1.07 to 1.14) 1.11* (1.07 to 1.16) 1.11* (1.07 to 1.15) 
Antipsychotic 1.07 (1.00 to 1.16) 1.07 (0.99 to 1.15) 1.01 (0.91 to 1.11) 1.00 (0.91 to 1.10) 
Gastro-intestinal 0.94 (0.89 to 0.99) 0.94 (0.89 to 0.99) 0.95 (0.89 to 1.01) 0.95 (0.89 to 1.02) 
Parkinsonian 1.29* (1.11 to 1.50) 1.29* (1.11 to 1.50) 1.31* (1.07 to 1.59) 1.31* (1.08 to 1.59) 
Respiratory 1.03 (1.00 to 1.07) 1.03 (0.99 to 1.07) 1.04 (0.99 to 1.08) 1.03 (0.99 to 1.08) 
Urological 1.18* (1.13 to 1.23) 1.17* (1.12 to 1.22) 1.16* (1.10 to 1.22) 1.16* (1.09 to 1.22) 
Other 0.99 (0.87 to 1.13) 0.98 (0.86 to 1.12) 1.01 (0.87 to 1.17) 1.00 (0.86 to 1.16) 
 
DEP, drug exposure period; OR, odds ratio, aOR, adjusted odds ratio; CI, confidence interval; ACB, Anticholinergic Cognitive Burden score; BMI, body mass index  
* p<0.01
Appendix 4.  Extended analysis of the association between antidepressants, depression and dementia 
Aim 
To further document the association between antidepressants, depression and dementia shown in 
tables 3 and 4, in particular to test the possibility that the apparent link between dementia and anti-
depressant use is induced by residual confounding by depression. 
Method 
Depression was recoded into a five-level variable corresponding to the maximum recorded depression 
severity in a participants’ available history up to the end of the drug exposure period as “No record”, 
“Depressive symptoms”, “Mild Depression”, “Moderate Depression” and “Severe Depression”. 
The relationship between depression and anticholinergic antidepressant use during the DEP was 
tabulated.  Several conditional logistic regression models were then estimated with incident dementia 
as the outcome variable and the following predictors: 
1. Depression only  
2. Depression and all other covariates. 
3. All anti-depressants only 
4. Depression and all anti-depressants. 
5. Depression, all anti-depressants, and all other covariates  
Anti-depressants are coded in categories corresponding to levels of exposure during the DEP.  ACB1 and 
ACB3 are coded by DDDs, ACB0 antidepressants are coded by number of prescriptions. 
Finally, models were estimated including the main effects of antidepressants, depression and all 
covariates as well as the interaction between antidepressants and depression.  The effect of ACB3 
antidepressants was derived at each level of depression by combining the relevant main effect and 
interaction term and was tabulated.  
This analysis was then repeated restricted to the exposures 15-20 years before index date and 
confounders measured up to 15 years before index date.  Here the antidepressant variables are coded 
as binary (present or absent). 
Results 
There is a strong relationship between ACB3 antidepressants and recorded depression.   11% of the 
population with no depression have been prescribed an ACB3 antidepressant compared to 61% of those 
with a record of severe depression (table e6). 
In univariable analysis depression is associated with dementia incidence, with that association 
attenuated by 50% after adjusting for covariates (not including the use of antidepressants).  Each 
antidepressant class is associated with dementia with this association not being substantially affected 
by including covariates.  When depression and antidepressants are both included in the model, there is 
no longer an independent effect of depression, but the effect of antidepressants remains essentially 
unaffected.  Each antidepressant group (ACB0, ACB1 and ACB3) is independently associated with 
dementia incidence (table e7).  This pattern is repeated when exposures and covariates are only 
measured up to 15 years before index date, except here only ACB3 antidepressants are independently 
associated with dementia, while ACB0 and ACB1 antidepressants are not (table e8). 
The association between ACB3 antidepressants and dementia incidence is not systematically affected by 
recorded depression severity (table e9). 
 Maximum recorded depression N(%) 
 
No record Symptoms only Mild Moderate Severe All 
Total 259,406 (100%) 13,003 (100%) 17,181 (100%) 30,253 (100%) 4,860 (100%) 324,703 (100%) 
ACB3 Anticholinergics (DDD)       
  0 229,617 (89%) 8,566 (66%) 10,169 (59%) 14,829 (49%) 1,882 (39%) 265,063 (82%) 
  1-29 16,270 (6%) 1,885 (15%) 2,249 (13%) 3,746 (12%) 474 (10%) 24,624 (8%) 
  30-89 4,861 (2%) 912 (7%) 1,360 (8%) 2,898 (10%) 450 (9%) 10,481 (3%) 
  90-364 4,854 (2%) 841 (6%) 1,469 (9%) 3,612 (12%) 681 (14%) 11,457 (4%) 
  365-1459 3,072 (1%) 619 (5%) 1,373 (8%) 3,369 (11%) 797 (16%) 9,230 (3%) 
  1460+ 732 (0%) 180 (1%) 561 (3%) 1,799 (6%) 576 (12%) 3,848 (1%) 
 
Table e6.  Relationship between maximum recorded depression severity and DDDs of ACB3 antidepressants during the DEP.  
 Terms included in model 
 
Depression 
only 
Depression + 
covariates 
Antidepressants 
only 
Depression + 
Antidepressants Full model 
 aOR (se) aOR (se) aOR (se) aOR (se) aOR (se) 
Depression severity 
  None 1 1  1 1 
  Symptoms 1.26* (0.03) 1.15* (0.03)   1.11* (0.03) 1.06 (0.03) 
  Mild 1.34* (0.03) 1.20* (0.03)   1.12* (0.03) 1.08* (0.03) 
  Moderate 1.35* (0.02) 1.18* (0.02)   1.09* (0.02) 1.03 (0.02) 
  Severe 1.48* (0.06) 1.24* (0.05)   1.09 (0.05) 1.02 (0.04) 
ACB3 antidepressants (DDD) 
  0   1 1 1 
  1-29     1.12* (0.02) 1.11* (0.02) 1.07* (0.02) 
  30-89     1.12* (0.03) 1.09* (0.03) 1.06 (0.03) 
  90-364     1.21* (0.03) 1.18* (0.03) 1.15* (0.03) 
  365-1459     1.29* (0.04) 1.25* (0.04) 1.21* (0.04) 
  1460+     1.37* (0.06) 1.31* (0.06) 1.28* (0.06) 
ACB0 antidepressants (number of 
prescriptions) 
  0   1 1 1 
  1     1.03 (0.06) 1.01 (0.06) 0.98 (0.06) 
  2     1.19* (0.06) 1.17* (0.06) 1.13 (0.06) 
  3-10     1.26* (0.08) 1.22* (0.08) 1.18* (0.07) 
  10-50     1.36* (0.16) 1.31 (0.15) 1.26 (0.15) 
ACB1 antidepressants (DDD) 
  0   1 1 1 
  1-29     1.11 (0.11) 1.07 (0.11) 1.01 (0.10) 
  30-89     1.33* (0.03) 1.27* (0.03) 1.23* (0.03) 
  90-364     1.42* (0.04) 1.35* (0.04) 1.28* (0.04) 
  365-1459     1.55* (0.05) 1.47* (0.05) 1.39* (0.04) 
  1460+     1.62* (0.07) 1.54* (0.07) 1.49* (0.07) 
DDD – defined daily dose; aOR – adjusted odds ratio; se – standard error; * p<0.01 
 
Table e7.  Association between DDDs/number of prescriptions of antidepressant use and maximum recorded depression before index date and dementia 
incidence estimated in different conditional logistic regression models. 
  
  Terms included in model 
  
Depression 
only 
Depression 
and 
covariates Antidepr. only 
Antidepr. 
and 
covariates Full model 
    aOR (se) aOR (se) aOR (se) aOR (se) aOR (se) 
Depression severity 
Symptoms 1.19 (0.14) 1.09 (0.13)  
 
1.08 (0.13) 
Mild 1.12 (0.07) 1.05 (0.07)  
 
1.01 (0.07) 
Moderate 1.19* (0.04) 1.10* (0.04)  
 
1.03 (0.04) 
Severe 1.35* (0.15) 1.23 (0.14)  
 
1.13 (0.13) 
Use of any antidepressant 
ACB3 antidepressants 1.29* (0.05) 
1.21* 
(0.05) 1.19* (0.05) 
ACB1 antidepressants 1.15 (0.08) 1.08 (0.08) 1.07 (0.08) 
  ACB0 antidepressants     1.04 (0.11) 0.93 (0.10) 0.92 (0.10) 
DDD – defined daily dose; aOR – adjusted odds ratio; se – standard error; * p<0.01 
 
Table e8.  Association between antidepressants and maximum recorded depression severity 15-20 years before index date and dementia incidence 
estimated using different conditional logistic regression models.  
  
 Complete data 
Exposures 15-20 
years before index 
date 
 
aOR (95% CI) aOR (95% CI) 
Overall 1.11 (1.08-1.14) 1.19 (1.10-1.30) 
Depression 
  
None 1.13 (1.09-1.18) 1.23 (1.10-1.37) 
Symptoms 0.92 (0.83-1.03) 1.23 (0.67-2.27) 
Mild 1.10 (1.01-1.20) 0.99 (0.75-1.30) 
Moderate 1.11 (1.04-1.19) 1.15 (1.01-1.31) 
Severe 1.11 (0.95-1.31) 1.50 (0.96-2.36) 
aOR – adjusted odds ratio; se – standard error 
 
Table e9.  Effect of ACB3 Antidepressants on dementia incidence by highest level of recorded depressive disorder, estimated using an interaction term 
between depression and ACB3 antidepressant use, both for the complete data and restricted to exposures occurring 15-20 years before index date. 
 
